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Description 

[0001] This invention rela.es to a novel compound, 5-(4-pyridyl)-4-(4.fluorophenyl)-1-(4-piperidinyl)imidazole proc- 
esses tor the preparation thereof, the use thereof in treating cytokine mediated diseases and pharmaceutical compo- 
sitions for use in such therapy. r 

BACKGROUND OF THE INVENTION 

[0002] lnterleukin-1 (IL-1 ) and Tumor Necrosis Factor (TNF) are biological substances produced by a variety of cells 
such as monocytes or macrophages. IL-1 has been demonstrated to mediate a variety of biological activities though! 
to be important in immunoregulalion and other physiological conditions such as inflammation [See e g Dinarello et 
al Rev. nfecL Disease 6, 51 (1984)]. The myriad of known biologica. activities of IL-1 include the activation of T 

o! TZTJ r H \ SlimU ' a,i0n ° f prosta 9' andin o^ollagenase production, neutrophil chemotaxis, induction 
of acute phase proteins and the suppression of plasma iron levels 

3 J?' 6 r T V diS x! e Stal6S in WhiCh eXC6SSive ° r unre 9^'ed production is implicated in exacerbating 
and/or causing the d.sease. These include rheumatoid arthritis, osteoarthritis, endotoxemia and/or toxic shock syn 
drome, other acute or chronic inflammatory disease states such as the inflammatory reaction induced by endotoxin or 
inflammatory bowel disease; tuberculosis, atherosclerosis, muscle degeneration, cachexia, psoriatic arthritis Reitert 

ISU M T^TT??™ 5 - 9 ° Ut ' traUma ' iC arthritiS ' fUbella arthri,is ' and acute svf1 ° vi,is - Rec ent evidence also 
links IL-1 activity to diabetes and pancreatic 0 cells 

a2*LZ7T» J h C " n L Cal lm ™"° lo W 5 I*). 287 " 29 7 (1985), reviews the biological activities which have been 
mnn« c ' " that S ° me ° f th6Se SffeCtS haVe been described bv 0,hers as 'direct effects of IL-1 

S^nT^T Unre9U ! a,ed ™ F P roduction has been ^Plicated in mediating or exacerbating a number of 
diseases includ.ng rheumatoid arthritis, rheumatoid spondylitis, osteoarthritis, gouty arthritis and other arthritic condi- 
tions; sepsis, septic shock, endotoxic shock, gram negative sepsis, toxic shock syndrome, adult respiratory distress 
syndroms 

diseases, reperfusion injury, graft vs. host reaction, allograft rejections, fever and myalgias due to infection such as 
influenza cachexia secondary to infection or malignancy, cachexia, secondary to acquired immune deficiency syn 
» or pySsfs ' (A ' DS re ' ated COmP ' eX) ' ke, ° id ' 0rmati0n ' SCar tis -«on, C-hn's disease u^rle 

[0006] AIDS results from the infection of T lymphocytes with Human Immunodeficiency Virus (HIV) At least three 
types or strains of HIV have been identified, i.e., HIV-1, HIV-2 and H.V-3. As a consequence of HI V infection T-ceH 

l e sm h',vT7 " 1 T'rT ^ inf6Cted indiVidUa ' S mani,eSl S6Vere Wortunirtc infections and/or unusual neo- 
plasms^ HIV entry into the T lymphocyte requires T lymphocyte activation. Other viruses, such as HIV-1 HIV-2 infect 

I ° e o aCtiVa ' i0n and VimS Pr ° tein eXpreSSi ° n and/or re P' ication is ™ diat * d ° mainta ed 

mltll ? °"- . an aCt ' Va,ed T ' ymph0Cyte iS inf6Cted With HIV ' the T lv mphocyte must continue to be 

are imphca.ed ,n activated T-cell mediated HIV protein expression and/or virus replication by playing a role in main 
taming T lymphocyte activation. Therefore, interference with monokine activity such as by inhibition of monokine d o 

th^o^ 

the progression of HIV .nfectivity to previously uninfected cells which results in a slowing or elimination of the proares 

Z cL'lTZ! ? r " Ca r Sed ^ inf6Cti0n - M ° n0Cy1eS ' ™«°^ and ^ -Us, such L Z 2 nd 
glial cells, have also been impl.ca.ed in maintenance of the HIV infection. These cells, like T-cells are targets for viral 
replication and the level of viral replication is dependent upon the activation state of the cells. [See RosTberg etT 
The immunopathogenesis of HIV Infection, Advances in Immunology, Vol. 57, (1 989)]. Monokines, such as Sf3& 
been shown to activate HIV replication in monocytes and/or macrophages [See Poli, et al Proc Natl Acad Sci 87 

for 2 ^ 

LTJL™ F T ° b ! en imP ' iCated in Vari ° US r0l6S Wi,h ° ther viral infections - such as cytomegalia virus (CMV) 
influenza v.rus, and the herpes virus for similar reasons as those noted ru Sl oiv.v), 

" ,n terleukin-8 CL-8) is achemotacticfactorfirst identified and characterized in 1987. IL-8 is produced by several 
ce types including mononuclear cells, fibroblasts, endothelial cells, and keratinocytes. Its producL from endoThel a 
Z ,S h « U hk?^ IL " 1 ' ™ F ' ° r 'W'Vsachharide (LPS). Human IL-8 has been shown to act oTZZTleaZ 
oil 1 ?nTp i? Utr ° P r dif,erent ^ b6en aPP ' ied ,0 "- 8 ' SUCh as n —P hil aurac a^raS 

s;:z;eczrs:; neutrophii chemotactic fac,or < mdncf >' «•** w. - 

,m 0 n°hi, J , tV 8 St TT 5 8 "r 136 ' ° f ,UnCti0nS in Vitr0 ' " h3S been shown 10 have chemoattractant properties for neu- 
trophils, T-lymphocytes, and basophils. In addition it induces histamine release from basophils from both normal and 
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atopic individuals as well as lysozomal enzyme release and respiratory burst from neutrophils. IL-8 has a!so been 
shown to increase the surface expression of Mac-1 (CD11b/CD18) on neutrophils without de novo protein synthesis, 
this may contribute to increased adhesion of the neutrophils to vascular endothelial ceils. Many diseases are charac- 
terized by massive neutrophil infiltration. Conditions associated with an increased in IL-8 production (which is respon- 
sible for chemotaxis of neutrophil into the inflammatory site) would benefit by compounds which are suppressive of IL- 
8 production. 

[0010] IL-1 and TNF affect a wide variety of cells and tissues and these cytokines as well as other leukocyte derived 
cytokines are important and critical inflammatory mediators of a wide variety of disease states and conditions. The 
inhibition of these cytokines is of benefit in controlling, reducing and alleviating many of these disease states. 
[001 1 ] There remains a need for treatment, in this field, for compounds which are cytokine suppressive anti-inflam- 
matory drugs, i.e. compounds which are capable of inhibiting cytokines, such as IL-1 , IL-6, IL-8 and TNF. 
[001 2] SUMMARY OF THE INVENTiON The present invention relates to a novel compound, 5-(4-Pyridyl)-4-(4-fluor- 
ophenyl)-1 -(4-piperidinyl)imidazole, or a pharmaceutical^ acceptable salt thereof. 

[0013] This invention also relates to a pharmaceutical composition comprising 5-(4-pyridyl)-4-(4-fluorophenyl)- 
1-(4-piperidinyl)imidazole, or a pharmaceutical acceptable, salt thereof, and a pharmaceutically acceptable carrier 
or diluent. 

[0014] Another aspect of the invention is the use of 5-(4-pyridyl)-4-(4-fluorophenyl)-1-(4-piperidinyl)imidazole, or a 
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for treating inflammation. 
[0015] A further aspect of the invention is the use of 5-(4-pyridyl)-4-(4-fluorophenyl)-1 -(4-piperidinyl)imidazole, or a 
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for treating a CSBP/RK/p38 kinase 
mediated disease. 

[0016] Accordingly, this invention also relates to the use of 5-(4-pyridyl)-4-(4-fluorophenyl)-1 -(4-piperidinyl)imidazole, 
or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for treating a CSBP/RK/p38 kinase 
mediated disease, in which the CSBP/RK/p38 kinase mediated disease is selected from the group consisting of: 

a) rheumatoid arthritis, rheumatoid spondylitis, osteoarthritis, psoriatic arthritis, traumatic arthritis, rubella arthritis, 
acute synovitis, gouty arthritis and other arthritic conditions; 

b) sepsis, septic shock, endotoxic shock, gram negative sepsis and toxic shock syndrome; 

c) asthma, adult respiratory distress syndrome, chronic pulmonary inflammatory disease, silicosis and pulmonary 
sarcososis; 

d) bone resorption diseases, osteoporosis, graft vs. host reaction, allograft rejections and pyresis; 

e) stroke, cardiac and renal reperfusion injury, thrombosis, glomerulonephritis and cerebral malaria; 

f) diabetes and pancreatic {5-cells; 

g) multiple sclerosis and muscle degeneration; 

h) atherosclexosis_and Alzheimer's disease; 

i) eczema, psoriasis, sunburn and conjunctivitis; and 

j) Crohn's disease, ulcerative colitis and inflammatory bowel disease. 

[0017] Another aspect of the invention is a process for the production of 5-(4-Pyridyl)-4-(4-fluorophenyl)-1 -(4-pipe- 
ridinyl)imidazole, which comprises reacting a compound of formula (Ha): 



Ar— S(0) 2 




(Ha) 



with a compound of formula (III): 




H 



an) 
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to 



15 



ZtlrtTJ 9 6n0U9h t0 depr0t0na,e the isonitri,e ™iety of formula (lla); and wherein the imine of formula (III) is 
formed ,n s.tu pr,or to reaction with the compound of formula (lla); R, is 4-pyridyl or a precursor thereof R is 4 pipe 

Z and ZZTJ V™" % " ° r 3 P™«r hereof . and Ar is a'n optionally sub iitu d phTy. 

mo«; a ! necessar V. inverting a precursor of R„ R 2 or R 4 to a group R„ R 2 or R, V 

[0018] Another aspect of the invention is the above-described process, wherein the base is an amine an amide a 
carbonate, a hydride, or an alky, or aryl lithium reagent or a mono-, di- or tribasic phosphate ' 

r e ,H re H S !, m ZTT a ' S0 relateS t0 ' he above - d ^cribed process, wherein the imine is formed in situ a) by 
react n an aldehyde o the formula R,CHO, wherein R, is 4-pyridyl, with a primary amine of formula R 2 NH 2 whe ein 

form 7 " P ' Peridinyl ° r 4 " piperidinyl and R * ma V be suitab 'V Protected as necessary and also w e in 
formation of the imine in situ utilises dehydrating conditions. wnerern 

t 0 :^:::~zi a ha,o9enated so,vent ' ,e,rahy — ™ ~— 

[0021] The invention also relates to the above-described process wherein: 

a) the aldehyde of formula F^CHO is formed in situ, or 

b) the aldehyde is formed by the hydrolysis of an acetal of the formula R.,CH(OR a ) 2 

foS" The 22? ^ 3 there ° f ' Ra jS Cl - 6a ' kyL aryL ^ heteroaryl or heteroarylC, 6 alkyl 

[0022] The present invention also provides the following compounds: i-6*'*y- 

3^;^ or a pharmaceutically acceptable 

5-(4-Pyridyl)-4-(4-fluorophenyl)-1-(1-t-butoxycarbonyl-4-piperidinyl)imida2ole 
5-(4-Pyridyl)-4-(4-fluorophenyl)-1-(4-piperidinyl)imida2ole 

* ^^^^Z^TZr 9 5 - (4 ^ rid >")- 4 -< 4 -"^P^"V')-(4-p i peridiny, ) imida Z o,e and a phar- 

[0023J This invention relates to the novel compounds of Formula (I) and pharmaceutical compositions comorisino a 
compound of Formula (I) and a pharmaceutically acceptable diluent or carrier om P°s't'ons compns.ng a 

[0024] Th.s invention also relates to a method of inhibiting cytokines and the treatment of a cytokine mediated dis- 

* oi FoZ™r ' n ' here0f • WhiCh C ° mPriSeS adminiSterin9 ,0 Said mammal an ^ -^oun. o?a^oui 
[0025] This invention more specifically relates to a method of inhibiting the production of IL-1 in a mammal in need 
hereof which comprises administering to said mammal an effective amount of a compound of Fori™ 
S 1 I °" m ° re specifical| y relales 10 a meth °« °f inhibiting the production of IL-8 in a mammal in need 

40 SSf T C ° mP r r,SeS adminiS ' erin9 10 Said mammal an eff — amount of a compound of Formula ") 

ZrPr It m ° re SPeCi "' Ca " y relat6S 10 3 meth0d 0f inhibitin 9 »» Production of TNF in a mammal in need 

So 8 "SoSnTT adminiS t terinS 10 S3id mammal an ef,ect - a ™-< of a compound of FormuTa ") 
[Q028] Accordingly, the present invention provides a compound of Formula (I): 



20 
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50 




R1 is 4-pyridyl; 

R4 is 4-fluorophenyl; 

R2 is piperidinyl; 

or a pharmaceutically acceptable salt thereof. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0029] The novel compounds of Formula (I) may also be used in association with the veterinary treatment of mam- 
mals, other than humans, in need of inhibition of cytokine inhibition or production. In particular, cytokine mediated 
diseases for treatment, therapeutically or prophylactically, in animals include disease states such as those noted herein 
in the Methods of Treatment section, but in particular viral infections. Examples of such viruses include, but are not 
limited to, lentivirus infections such as, equine infectious anaemia virus, caprine arthritis virus, visna virus, or maedi 
virus or retrovirus infections, such as but not limited to feline immunodeficiency virus (FIV), bovine immunodeficiency 
virus, or canine immunodeficiency virus or other retroviral infections. 

[0030] Suitable pharmaceutical^ acceptable salts are well known to those skilled in the art and include basic salts 
of inorganic and organic acids, such as hydrochloric acid, hydrobromic acid, sulphuric acid, phosphoric acid, methane 
sulphonic acid, ethane sulphonic acid, acetic acid, malic acid, tartaric acid, citric acid, lactic acid, oxalic acid, succinic 
acid, fumaric acid, maleic acid, benzoic acid, salicylic acid, phenylacetic acid and mandelic acid. In addition, pharma- 
ceutical^ acceptable salts of compounds of Formula (I) may also be formed with a pharrnaceutically acceptable cation, 
for instance, if a substituent group comprises a carboxy moiety. Suitable pharrnaceutically acceptable cations are well 
known to those skilled in the art and include alkaline, alkaline earth, ammonium and quaternary ammonium cations. 
[0031] The compounds of the present invention may contain one or more asymmetric carbon atoms and may exist 
in racemic and optically active forms. All of these compounds are included within the scope of the present invention. 
[0032] The present invention includes novel species as exemplified below: 

5-(4-Pyridyl)-4-(4-fluorophenyl)-1 -(4-piperidinyl) imidazole; 
5-(4-Pyridyl)-4-(4-fluorophenyl)-1 -(1 -t-butoxy carbonyl-4-piperidinyl) imidazole. 

[0033] In a further aspect the present invention provides for the synthesis of compounds of Formula (I) as illustrated 
above. 

[0034] Also described herein are compounds of the Formula (lla) having the structure: 

Ar-S(01 

J 

^ NC(na) 

^ wherein p is 0, or 2; R4 is as defined for Formula (I) and Ar is an optionally substituted aryl as defined herein. 
Suitably, Ar is phenyl optionally substituted by C1 -4alkyl, C1 -4 alkoxy or halo. Preferably Ar is phenyl or 4-methylphenyl, 
i.e. a tosyl derivative. 

[0035] The compounds of Formula (I) may be obtained by applying synthetic procedures, some of which are illustrated 
in Schemes I to XI herein. The synthesis provided for in these Schemes is applicable for the producing compounds of 
Formula (I) having a variety of different R1, R2, and R4 groups which are reacted, employing optional substituents 
which are suitably protected, to achieve compatibility with the reactions outlined herein. Subsequent deprotection, in 
those cases, then affords compounds of the nature generally disclosed. Once the imidazole nucleus has been estab- 
lished, further compounds of Formula (I) may be prepared by applying standard techniques for functional group inter- 
conversion, well known in the art. 

[0036] Precursors of the groups R1 , R2 and R4 are groups which can be interconverted by applying standard tech- 
niques for functional group inter-conversion. 
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R4CHO (V) +ArS(0},H 



HjNCHO 
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Ar-S(OV 




(IV) 



fV NHCHO 



CHCIj 
NaOH 

CR£l 2 

H 2 0, PTC 1 



ArS(0)|L,. (VH) y 

whereto p =2 



R^C^NHj (VIII) 

v Formylaiing ageoi 

\ 

R4CH2 NHCHO 



/• 



dehydrating agent 
J^CHjNC (VI) 



dehydrating agent 



Ar-S(0)> 



25 





RjCHO + RjNHj 



(in) 
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SS, . m 8 6 T ' compounds of Formula (0 ™ suitably prepared by reacting a compound of the 

Formula (,1a, w„h a compound of the Formula (III) wherein p is 0 or 2, R1 . R2 and R4 are as defined herein 7or formula 
I or are precursors of the groups R1 , R2 and R4, and Ar is an optionally substituted phenyl group a d ZreZ l 

reacted with R1CHO to form the .mine, Formula (III) the R2 moiety when it contains a reactive functional group such 
as a pr-mary or secondary amine, an alcoho., or thiol compound the group must be suitably protected. SuZe pro 

981 IZe dT? Pr ° teC * ing Gr ° UPS " ° rganiC Syn,heSiS ' Greene T W - Wiley InterscienceTew vK 

1981 whose disclosure ,s incorporated herein by reference. For instance, when R2 is a heterocyclic ring such as a 

ESfTft , mtr09en " Pr0 ' eC,ed With 9r ° UPS SUCh 35 '- B0C ' C02R1 8 ' ° r a substitued a JalM moU 
[0038] Suitably, the reaction is performed a. ambient temperature or with cooling (e g. -50' to 10-, or heSfnq in an 

enceo° fan" Tf^ 6 DMF < 'e-rahydrofuran, toluene, ace.onitri'e or dimethoxye, h th pres 

ence of an appropriate base such as K2C03. t-buNH2, 1 ,8-diazabicyclo [5.4.0.] undec-7-ene (DBU) or a guanine 

sSeand Zl^'T^ ^ ^ The lnte ""-*«« « '"'mula (.I) have been found S be try 

stable and capable of storage for a long time. Preferably, p is 2 " iu u«* very 

[0039] Reaction a compound of the Formula (lla) wherein p = 2, with a compound of the Formula (lll)-Scheme I aives 
consistently higher yields of compounds of Formula („ than when p=0. In addition, the reaction of Forml ma com 
pounds wherein p = 2 is more environmentally and economically attractive. When p=0, the preferred^ usedTs 
methylene chloride, which is environmentally unattractive for .arge scale processing and the preferred base TBD s 

S)= 

[0040] Asno.ed,Schemelutili 2 esthe1,3.dipo.arcycloadditionsofananionofasubs.itutedarylthiomethylisocyanide 



6 



EP 0 809 499 B1 



(when p=0) to an imine. More specifically/this reaction requires a strono base such as an amino h«„ ,„ k 
the deprotonation step. The commercially available TBD is preferred aTo uqh -bu^e LiT or 1 or k 7 

SSI? a,S ° ^ USGd - Whi ' e m6,hy,ene Ch, ° ride iS ,hS P-'-e d stli 'o the ^^^"JZTZ, 
a Lt™7L?, 0r Car °° n ,etraChl0ride; ethcrs > sucn as ™F, DME, DMF, die.hyie.her. ,-bu.yl methyl e.he as we "as 
acetomtr le toluene or mortures thereof can be unitized. The reaction may take place from abou t 20°C t abouS? 
preferably from about 0°C to about 23-C, more preferab.y from abou, 0°C .o about 1 0'C an most preferably aboui 
I^ZT 7 ' nVOlV i 9 ^ R1 9r ° UP ° f Pynmidine - F ««™Poun* wherein R1 is pyridine ^TsZlgZl nZ 

pound of FVrmt (,X)-° CeSS ' C ° mP ° UndS °' ® * by C0U ^ a suilab,e of a com- 




wherein T1 is hydrogen and T4 is R4 , or alternatively T1 is R1 and T4 is H in which R1 R? and «» *= k ♦ 
defined with: (i, when T, is hydrogen, a suitable denvative o, .he hetero^l ring RiH, 1 p n coTd ^ 
to effect couphng of he heteroaryl ring R1 to the imidazole nucleus a. position 5; (ii) when T4 is hydrogen a su aWe 
nuTus" ;osiL74. rin9 Undef rin ° C ° UP,in9 C ° nditi0nS ' <° eff6Ct ™^ - «h. ary, ring L toTe frnic^e 

iS.ict C u h va7em TzTZZTZ***' 0 ™ lm °" n *° * h ° Se Ski " ed in ,he art ' ,n 9 eneral - an "^metallic 

,h II f ■? !, 8 ^P 0 " 6 "' 15 cou P ,ed with a reactive derivative of the second component in 

whTciJ I ' T, 6 Cata ' ySt - ani ° n eqUiVa ' ent may be tormed from either *a imidazole of Formula (IX ' in 
ca e th. mi Ha e a i ry,/he,e ;° a ' y ' COmpound P rovides tne ^.ive derivative, or the arytVheteroaryl compound in which 
offhe 1 /T , P , 65 reaC,lVe d6riVatiVe - Accordin 9'y. stable derivatives of the compound of Fo Jute ( X 
or the ary^heteroaryl nngs include organometallic derivatives such as organomagnesium, organozinc organo^ann ani 

omian C , a K TT™ Me * MeS M ,he bro ™' ™. < '^sulfonate and ior 

cCa.ed b^rirrr- sui,ab,e procedures are described in wo 91/19 ^ - - ™- 

[0043] Suitable organomagnesium and organozinc derivatives of a compound of Formula (IX) may be reacted with 
a halogen , fluorosulfonate or triflate derivative of the heteroary, or ary. ring, in the presence o a ring coup SlaJ? 

53i5 Z <0) ^ Pa " adiUm Ca,a ' ySt ' ,0 " 0Win9 the P rocedure 0( » et a/., Tetrahedron Letters 22 

HZ \ZJ' i T T- Ca ! alVStS inC ' Ude te '^(<"Phenylphosphine)palladium and Pdd.2[1 ,4-Ws- dX phS 

2 f ' rp ,(M) ? I2(1 ' 2 - bi P hen VPhos P hino)e.hane, may also be used for coupL, an ary. ring oLinTthe 
Li,! I ? h rid f n " 31 - J ' ° rg - Chem ' 1982 ' 47 ' 4319 - Suitable ^ a «i°n solvents include hLmeihThospho^ 
12 , « f ,er0aryl rin9 iS 4 - pyridy '' SUitaWe deriva,ives include 4 " brom °' and 4-iodo-pyridine and the 1 - 
the omo V r 'T ° , 4 " hydr0Xy Pyridine Similar,y ' Sui,able derivatives for wh an the aryUing is ph eny in lude 
the bromo, fluorosulfonate, Inflate and, preferably, the iodo-derivatives, Suitable organomagnesium and organozinc 
der.va.,ves may be obtained by treating a compound of Formula (IX) or the bromo derivative thereof w^.h an 2 Z 

:gro^,ss. be treated wi,h an excess of a ma9nesium haiide or 2inc ha,ide ,o ^ the L ^ 

T^LZT^ d ! riVatiVe ° f thS C ° mP0Und ° f F ° rmula (,X) mfl y be ,reated with a bromide, fluorosulfonate triflate 
o IE f y " ; d ' de d rf Ve °' an ary ' ° r heter ° aryl fing COm P° und ' in an ine " ^'ven, such as tetZdian 
ladtm m ,a7 1 3 '";? 1 hexarneth y | P h ^Phoramide, in the presence of a suitable coupling catalyst such afa pa -' 

chr S o^ 

oMUhhim hi h ' LfS Patents 4,71 9,21 8 and 5,002,942, or by using a palladium (II) catalyst in the presence 
S tTn dtS 0P " 0na "r ith an added base sucb a ^ triethylamine, in an iner, solvent sue as dimethy fom^amide 
w » h may ^ COnvenientl V oblained b y ^ a » a >ion of the corresponding compound of Formula IX) 

tTeatmen ? «ZT ' T " S " bUty, - |ithium or "^tyl-ithium, in an elherea. soK^en. such as tetranydrZan o 
treatment of the bromo derivative of the corresponding compound of Formula (IX) with an alky, lithium followed in 
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each case, by treatment with a trialkyltin halide. Alternatively, the bromo- derivative of a compound of Formula (IX) 
may be treated with a suitable heteroaryl or aryl trialkyl tin compound in the presence of a catalyst such as tefra/r/s-(triphe- 
nyl-phosphine)-palladium, under conditions similar to those described above. 

[0045] Boronic acid derivatives are also useful. Hence, a suitable derivative of a compound of Formula (IX), such as 
the bromo, iodo, triflate or fluorosulphonate derivative, may be reacted with a heteroaryl- or aryl-boronic acid, in the 
presence of a palladium catalyst such as teffa/c/s-(triphenylphcsphine)-palladium or PdCI2[1 ,4-6/s-(diphenyl-phosphi- 
no)-butane] in the presence of a base such as sodium bicarbonate, under reflux conditions, in a solvent such as dimeth- 
oxyethane (see Fischer and Haviniga, Rec. Trav. Chim. Pays Bas, 84, 439, 1965, Snieckus, V., Tetrahedron Lett., 29, 
2135,1988 andTerashimia, M., Chem. Pharm. Bull., 11, 4755, 1985). Non-aqueous conditions, for instance, a solvent 
such as DMF, at a temperature of about 100°C, in the presence of a Pd(ll) catalyst may also be employed (see Thomp- 
son W J etal, J Org Chem, 49, 5237, 1984). Suitable boronic acid derivatives may be prepared by treating the mag- 
nesium or lithium derivative with a trialkylborate ester, such as triethyl, trwso-propy! or tributylborate, according to 
standard procedures. 

[0046] In such coupling reactions, it will be readily appreciated that due regard must be exercised with respect to 
functional groups present in the compounds of Formula (IX). Thus, in general, amino and sulfur substituents should 
be non-oxidised or protected. 

[0047] Compounds of Formula (IX) are imidazoles and may be obtained by any of the procedures herein before 
described for preparing compounds of Formula (I). In particular, an a-halo-ketone or other suitably activated ketones 
R4COCH2Hal (for compounds of Formula (IX) in which T1 is hydrogen) or R1COCH2Hal (for compounds of Formula 
(IX) in which T4 is hydrogen) may be reacted with an amidine of the formula R2NH-C=NH, wherein R2 is as defined 
in Formula (I), or a salt thereof, in an inert solvent such as a halogenated hydrocarbon solvent, for instance chloroform, 
at a moderately elevated temperature, and, if necessary, in the presence of a suitable condensation agent such as a 
base. The preparation of suitable a-halo-ketones is described in WO 91/19497. Suitable reactive esters include esters 
of strong organic acids such as a lower alkane sulphonic or aryl sulphonic acid, for instance, methane or p-toluene 
sulphonic acid. The amidine is preferably used as the salt, suitably the hydrochloride salt, which may then be converted 
into the free amidine in situ , by employing a two phase system in which the reactive ester is in an inert organic solvent 
such as chloroform, and the salt is in an aqueous phase to which a solution of an aqueous base is slowly added, in 
dimolar amount, with vigorous stirring. Suitable amidines may be obtained by standard methods, see for instance, 
Garigipati R, Tetrahedron Letters, 190, 31, 1989. 

[0048] Compounds of Formula (I) may also be prepared by a process which comprises reacting a compound of 
Formula (IX), wherein T1 is hydrogen, with an N-acyl heteroaryl salt, according to the method disclosed in US patent 
4,803,279, US patent 4,719,218 and US patent 5,002,942, to give an intermediate in which the heteroaryl ring is at- 
tached to the imidazole nucleus and is present as a 1,4-dihydro derivative thereof, which intermediate may then be 
subjected to oxidative-deacylation conditions (Scheme II). The heteroaryl salt, for instance a pyridinium salt, may be 
either preformed or, more preferably, prepared in situ by adding a substituted carbonyl halide (such as an acyl halide, 
an aroyl halide, an arylalkyl haloformate ester, or, preferably, an alkyl haloformate ester, such as acetyl bromide, ben- 
zoylchloride, benzyl chloroformate, or, preferably, ethyl chloroformate) to a solution of the compound of Formula (IX) 
in the heteroaryl compound R1H or in an inert solvent such as methylene chloride to which the heteroaryl compound 
has been added. Suitable deacylating and oxidising conditions are described in U.S. Patent Nos. 4,803,279, 4,71 9,21 8 
and 5,002,942, which references are hereby incorporated by reference in their entirety. Suitable oxidizing systems 
include sulfur in an inert solvent or solvent mixture, such as decalin, decalin and diglyme, p-cymene, xylene or mesit- 
ylene, under reflux conditions, or, preferably, potassium f-butoxide in f-butanol with dry air or oxygen. 



[0049] In a further process, illustrated in Scheme III below, compounds of Formula (I) may be prepared by treating 
a compound of Formula (X) thermally or with the aid of a cyclising agent such as phosphorus oxychloride or phosphorus 
pentachloride (see Engel and Steglich, Liebigs Ann Chem, 1 978, 1 91 6 and Strzybny et aL, J Org Chem, 1 963, 28, 3381 ). 
Compounds of Formula (X) may be obtained, for instance, by acylating the corresponding a-keto-amine with an acti- 
vated formate derivative such as the corresponding anhydride, under standard acylating conditions followed by forma- 
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and 1^5? T, R2NH2 ' amin ° ket0ne ma * be derived from Ihe W ketone by examination and reduction 
and the equ.s.te ketone may ,n turn be prepared by decarboxylation o! the be.a-ketoester obtained from the conden 
sat.on of an aryl (heteroaryl) acetic ester with the R1COX component. 



x 
+ 



«.^Y > " r/ 2 "°*~ W ^AjjAh 



poa> 



*4 H 

fonnuU(X) 



SCHEME m 



SprluLm 1? r ! dbelow - ,w °( 2 )*fferentrouteswhichuseketone(forniulaXI)for P repanngacom P ound 
of Formula (I). A heterocyclic ketone (X.) is prepared by adding the anion of the a.kyl heterocycle such as 4-methyl- 
qu.nol.ne (prepared by treatment thereof with an alkyl lithium, such as n-butyl lithium) to an N-alkyl-O-alkoxybenzamide 

wT, TtTT* aCtiV3,ed deriVa,iVe °' S3me ° Xidati ° n Sta,e - Alternatively, the arL may be conden ed 
with a benzaldehyde, to give an alcohol which is then oxidised to the ketone (XI). 
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SCHEME IV 
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amide orFo^u^r^o' 00653, N " SUbStitUted com P ounds of For ™'* (0 may be prepared by treating the anion of 



an 



R1CH2NR2COH 



(XII) 



wherein R1 and R2 with: 

(a) a nitrile of the Formula (XIII): 



R4CN (X|||) 



wherein R4 is as hereinbefore defined, or 

(b) an excess of an acyl halide, for instance an acyl chloride, of the Formula (XIV): 



R4COHal (X)V) 



wherein R4 is as hereinbefore defined and Hal is halogen, or a corresponding anhydride, to give a fc/s-acylated 
intermediate which is then treated with a source of ammonia, such as ammonium acetate. 
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[0052] One vanation of this approach is illustrated in Scheme V above. A primary amine (R2NH2) is treated with a 
halomethyl heterocycle of Formula R1CH2X to give the secondary amine which is then converted to the amide by 
standard techniques. Alternatively the amide may be prepared as illustrated in scheme V by alkylation of the formamide 
with R1CH2X. Deprotonation of this amide with a strong amide base, such as lithium di-/s^propyl amide or sodium 
6/s-(tnmethyls.lyl)amide, followed by addition of an excess of an aroyl chloride yields the b/s-acylated compound which 
is then closed to an imidazole compound of Formula (I), by heating in acetic acid containing ammonium acetate Al- 
ternatively, the anion of the amide may be reacted with a substituted aryl nitrile to produce the imidazole of Formula 
(I; directly. 

[0053] The following description and schemes are further exemplification of the process as previously described 
above in Scheme I. Various pyrimidine aldehyde derivatives 6, 7 and 8 as depicted in scheme VI below can be prepared 
by modification of the procedures of Bredereck et al. (Chew. Ber. 1964, 97, 3407) whose disclosure is incorporated 
by reference herein. These pyrimidine aldehydes are then utilized as intermediates in the synthesis as further described 
herein. The unprotected amino aldehyde derivative, e.g. 8, can be somewhat unstable. Use of an acetolysis procedure 
as described in Scheme VI, wherein the aldehyde 7 is isolated as the acetamide derivative, (compound 3 is converted 
to 7, via the intermediate 4) and leads to a more stable compound for use in the cycloaddition reaction to make com- 
pounds of Formula (I). 

[0054] General acetolysis conditions, for such a reaction are employed and are well known to those of skill in the 
art. Suitable conditions are exemplified, for instance in Example 83. In greater detail, the reaction employs heating the 
2-am.no pyrimidine dialkoxy acetal with acetic anhydride in the presence of a catalytic amount of concentrated sulfuric 
acid, which s.multaneously acetylates the amine and leads to the exchange of one of the alkoxy groups for an acetoxy 
group The resultant compound is converted to the aldehyde by deacetylation with a catalytic amount of an alkoxide 
salt and the corresponding alcohol solvent, e.g. Na + methoxide and methanol. Alternatively, higher yields can be ob- 
tained by first acetylating the amine with acetic anhydride and then affecting exchange by subsequent addition of 
concentrated sulfuric acid. 
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Scheme VI 



[ ^ 0551 < «£? rea ° ti0n ° f imin6S Wi,h tos y |meth y' isonitriles "»* first reported by van Leusen (van Leusen et al J Org 

K2CM in MpOH 1 12' l R T n nt7n C ° nm ° nS: *** ^ amine <«"NH2) in dimethoxyethane (DME), 

K2C03 in MeOH, and NaH ,n DME. Upon re-examination of these conditions each was found to produce low yields 
Thedesiredp^ 

idazole, was isolated at yields less than 50%, using t-BuNH2 in DME at room temperature, but a second pathway 
involving amine exchange to produce the t-butyl imine followed by reaction with the isocyanide 1 to produce the fflu 
imidazole was also operating. This will likely occur using any primary amine as a base. The secondary amines while 
not preferred may be used, but may also decompose the isonitrile slowly. Reactions will likely require about 3 equiv- 
alents of amine to go to completion, resulting in approximately 50% isolated yields. Hindered secondary amines (di- 
isopropylamine) while usable are very slow and generally no. too effective. Use of tertiary and aromatic amines such 
as pyndine, and tnethyl-amine gave no reaction under certain test conditions, but more basic types such as DBU and 

mSf TT° Py !! dine <DMAP) Whi ' e S ' 0W ' did pf0dUCe SOme yie,ds and hence ™V be stable for use herein 
[0056J As depicted <n Schemes VII and VIII below, the pyrimidine aldehydes of Scheme VI, can be condensed with 
a pnmary amine, to generate an imine, which may suitably be isolated or reacted in situ, with the desired isonitrile in 

nZTnZ^T^ H SU ; tab ' e i bases ' and solven,s as desc *ed herein to afford the 5-(4-pyrimidinyl)-imidazoles, 
wherein R2 and R4 are as defined herein for Formula (I) compounds. 

[0057] One preferred method for preparing compounds of Formula (I) is shown below in Scheme VII The imines 

oveMn* thol n h " f Tt Parat ,!,f P W6re ° ,ten ,afS ' WhiCh 8re hard ,0 handle The black c °'° r is Soften carried 
over into the final product. The yield for making the imines varied, and environmentally less-acceptable solvents such 
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as CH2CI2 were often used in Iheir preparation. 

[0058] This reaction, wherein p=2, requires a suitable base for the reaction to proceed. The reaction requires a base 
strong enough to deprotonate the isonitrile. Suitable bases include an amine, a carbonate, a hydride or an alkvl or 
aryl l.th.um reagent; or mixtures thereof. Bases include, but are not limited to, potassium carbonate, sodium carbonate 
primary and secondary amines, such as t-butylamine, diisopropyl amine, morpholine, piperidine, pyrrolidine, and other 
non-nucleophilic bases, such as DBU, DMAP and 1 ,4-diazabicyclo[2.2.2]octane (DABCO) 

[0059] Suitable solvents for use herein, include but are not limited to N,N-dimethyl-formamide (DMF) MeCN halo- 
genated solvents, such as methylene chloride or chloroform, tetrahydrofuran (THF), dimethylsulfoxide (DMSO)' alco- 
hols such as methanol or ethanol, benzene, toluene, DME, or EtOAc. Preferably the solvent is DMF DME THF or 
MeCN more preferably DMF. Product isolation may generally be accomplished by adding water and filtering the product 



Me 



SOfeTol 
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NHMe 
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SCHEME Vn 

[0060] While not convenient for large scale work, addition of NaH, instead of t-butylamine, to the isonitrile perhaps 
riT P h era,U ; eS J 0We : ,han 25 ° C (i " ™ F) are like,y needed ' Additiona ^ ha * also been reported to be a 
Corr?995°25 e ?9t nat ' n9 t0Sy ' benZy ' iS ° ni,rileS 3 ' - 50 ° C ' (DiSan, °' R ' ; Costi ' Mas ^, S, Artico, M. Synth. 

Xi 2,^Zl^CoZln^T ^ U,iliZed dependin9 Up ° n the pre,erred base - For instan «. "sing 
Ibol^r th T I ? I OH ' rea ! ,IOnsweretnedat0 - roomtem P e ^^e,40, about 64,and80'C.At temperatures 
above 40-C. he yielcte may drop to about 20%, although not much difference has been seen between 0°C and room 

or cLen? h , m T • re8C,i0nS ^ a ' °° C and 25 ° C ' With virtual, y n ° dlff — - Product q a J 
or yield. Consequently, temperature ranges below 0°C , and above 80°C are contemplated as also being w hin the 

scope of th,s mvent.on. Preferably, the temperature ranges are from about 0°C to about 25-C. For purposes herein 

room tempature, wh,ch is depicted as 25°C, but it is recognized that this may vary from 20°C to 30«C 

0062] As shown in Scheme VIII below, the imine is preferably formed in situ in a solvent. This preferred synthesis 

is a process which occurs as a one-po. synthesis. Suitably, when the primary amine is utilized as a salt stch as inTe 

ZS? n Mh Sa,t " ! h , e E A XamP ' eS ' reaCti ° n may fUrthef indude a base ' such as Podium carbona e p io o 
the addition of the isonitrile. Alternatively, the piperidine nitrogen may be required to be protected (PG) as shown below 
suitably the PG ,s BOC or C(0)2R, wherein F) is preferably alky., aryl, arylalkyl moieties well known ESri'E; 

above for th TlTl ' , &S SOlV c ntS ' b3SeS ' tem P era,ures . etc - « to those illustrated and discussed 
above for the isolated ,m,ne as shown ,n Scheme VII. One ski.led in the art would readily recognize that under some 
circumstances, the in s„u formation of the imine may require dehydrating conditions, or may require add cl.ysis 
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30 



[0063] Another method for preparing compounds of Formula (I) is shown below in Scheme Villa. To avoid the difficulty 
associated with isolating the pyrimidine aldehyde 8, it is possible to hydrolyze the acetal 3 to aldehyde 8 as described 
in Example 378, part b. The aldehyde 8, formed in situ, can be treated sequentially with a primary amine, ethyl acetate, 
and NaHC03 to form the corresponding imine in situ, which is extracted into the ethyl acetate. Addition of the isonitrile' 
a carbonate base and DMF allows for the formation of the 5-(4-pyrimidinyl)-imidazoles, wherein R2 and R4 are as 
defined herein for Formula (A) compounds. 



35 



40 



NHMa 



3HHCi 



CHO 



NHMa 
8 



•9 



NH 2 



DO AC 



45 



50 



NHMe 



X 



„H 



55 



SCHEME Villa 



[0064] The preferred method of synthesis for compounds of Formula (I) also provides for a suitable and reliable 
method for introduction of an S(0)malkyl moiety on the pyrimidine (R1 group) by using, for instance, the 2-methylthio 
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30 



pyr midin e a d ohyde derivative, as is described in the Examples section. In scheme IX below, compound 1 (X - S 
methy ) wh e a final product may also be used as a precursor, as previously noted to make urther compounds of 
formula (I, In th.s particular instance the methylthio moiety is oxidized to the methy, sulfinyi m^S^M 
tionaliy be further modified to a substituted amino group. Y V 
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Scheme IX 



for X =: NRAc 
HCI 




35 



40 



SS <T C S n ° Vel hydr °' ySiS °' 2 -' hi °™thyl-pyrimidine acetal to 2-thiomethylpyrimidine aldehyde 

H ydroly ,s of the acetal to aldehyde using various known reaction conditions, such as formic acid T o'p oduce a 

121TZ V a ' dehyde ' <13% WaS ° b,ained 0ne me,hod of s V"*e™ Evolves the use of AcOH (fresh) as 

solvent and con-centra.ed H2S04 under heating conditions, preferably a catalytic amount of suJurte acid inn 

ZTZ Tl tempe ? tures from about 600 ,0 85 ° c ' preferably from about 700 * 

ures show a darkening of the reaction mixture. After the reaction is completeed the mixture is cooled toTbouT^oom 
temperature and the acetic acid is removed. A more preferred procedure invofves he 2 he a a, in 3N HCL a" 
40 C for 18 hours, coolmg and extracting the bicarbonate neutralized solution into EtOAc Examples of these two 
procedures are described herein as Examples 6b and 25. examples oi these two 
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Scheme X 



[0066] The compounds of Formula (l)can be prepared by one of three methods: 1) direct reaction of the 2-aminoov 
im 7 W, ' h the ,son,t " 1 ^ 2) condensation of the 2-ace.amidopyridine imine with the isonitrS followed by Zoval 

.f -t can be prepared on the primary amine. Similar.y, any suitable R4 can be ^Z ZZlZTrtuT 
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[0068] The compounds of Formula (lla), in Scheme I, may be prepared by the methods of van Leusen et al supra 
For example a compound of the Formula (lla) may be prepared by dehydrating a compound of the Formula (IV)-Scheme 
I, wherein Ar, R4 and p are as defined herein. 

[0069] Suitable dehydrating agents include phosphorus oxychloride, oxalyl chloride, thionyl chloride phosgene or 
tosyl chloride in the presence of a suitable base such as triethylamine or-diisopropylethylamine, or similar bases, etc 
such as pyridine. Suitable solvents are dimethoxy ether, tetrahydrofuran, or halogenated solvents, preferably THF The 
reaction is most efficent when the reaction temperatures are kept between -10°C and 0°C. At lower temperatures 
incomplete reaction occurs and at higher temperatures, the solution turns dark and the product yield drops. 
[0070] The compounds of formula (IV)-Scheme I may be prepared by reacting a compound of the formula (V)-Scheme 
I, R4CHO where R4 is as defined herein, with ArS(0)pH and formamide with or without water removal, preferably under 
dehydrating conditions, at ambient or elevated temperature e.g. 30° to 150°, conveniently at reflux', optionally in the 
presence of an acid catalyst. Alternatively trimethysilylchloride can be used in place of the acid catalyst. Examples of 
acid catalysts include camphor-10-sulphonic acid, formic acid, p-toluenesulphonic acid, hydrogen chloride or sulphuric 
acid. 

[0071] An optimal method of making an isonitrile of Formula (lla) is illustrated below, in Scheme XI and in the Ex- 
amples section, Example 10 herein. 
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SCHEME XI 

[0072] The conversion of the substituted aldehyde to the tosylbenzyl formamide may be accomplished by heating 
the aldehyde, 1 -Scheme XI, with an acid, such as p-toluene-sulfonic acid, formic acid or camphorsulfonic acid; with 
formamide and p-toluene-sulfinic acid [under reaction conditions of about 60°C for about 24 hours]. Preferably, no 
solvent is used. The reaction, may give poor yields (< 30%) when solvents, such as DMF, DMSO, toluene, acetonitrile, 
or excess formamide are used. Temperatures less than 60°C are generally poor at producing the desired product, and 
temperatures in excess of 60°C may produce a product which decomposes, or obtain a benzylic bis-formamide 2- 
Scheme XI. In Example 23 (a), described in WO 95/02591 , Adams et al., synthesizes 4-Fluorophenyl-tosylmethylfor- 
mamide, a compound of Formula (IV) -Scheme I, wherein p = 2. This procedure differs from that presently described 
herein in Example 10 by the following conditions, using the sodium salt of toluene sulfinic acid, neat which process 
results in uneven heating, loweryields and lower reproduceability then the present invention, as described herein which 
uses sulfinic acid and allows for use of non-aqueous conditions. • - 

[0073] Conditions for making a-(p-Toluenesulfonyl)-4-fluorobenzylisonitrileas described in Example 23 (b), of WO 
95/02591 , Adams et al., used as a solvent MeCI to extract the product and DME as solvent. The present invention 
improves upon this process by utiizing less expensive solvents, such as THF and EtOAc to extract. Further higher 
yields are obtained by recrystalizing with an alcohol, such as 1 -propanol, although other alcohols, such as methanol, 
ethanol and butanols are acceptable. Previously, the compound was partially purifed usingchromatographytechniques! 
and hazardous solvents for additional purifications. 

[0074] Also described herein is the synthesis of the tosyl benzyl formamide compound, achieved by reacting the 
bisformamide intermediate 2- Scheme XI with p-toluenesulfinic acid. In this preferred route, preparation of the bis- 
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formamide from the aldehyde is accomplished by healing the aldehyde with (ormamide, in a suitable solvent with acid 
catalyse Stable solvents are toluene, ace.onitrile, DMF, and DMSO or mixtures thereof. Acid catalysts Z ho se 
wen known in the art, and include but are no. limited to hydrogen chloride, p-.oluenesulfonic acid campho su fonfc 
acd, and other anhydrous acids. The reaction can be conducted at temperatures ranging from about 25°C to 11 o-C 
preferab y about 50'C, suitably for about 4 to about 5 hours, ,onger reaction times are also acceptable Prod t d^ 
com P o S ,t,on and lower yields may be observed a. higher temperatures (>70°C) a. prolonged reactions times. Complete 
conversion of the product generally requires water removal from the reaction mixture 

by heating the bisformam.de ,n a su.table solvent with an acid catalyst and p-.oluenesulfinic acid. Solvents for use in 
this reaction include but are not limited to toluene, and acetonitrile or mixtures thereof. Additional mixtures of these 

30 c t? at Zlr r M5 ° ^ a ' S0 ^ US6d bUt r6SUlt in ' 0Wer yie ' ds Te ™y -te" cm bout 

30 C to about 00-c. Temperatures lower than 40°C and higher than 60>C are not preferred as the yield and rate 

to 5 hours although .. may be longer. Preferably, acids used include but are not limited to, toiuenesulfonic acid carn- 
P orsulfonic acd and hydrogen chloride and other anhydrous acids. Most preferably the bisformam ZT*e£Z 
toluene:aceton,tr,le ina 1:1 ratio, with p-toluenesulfinic acid and hydrogen chloride 

El a^olTf H d h6rein " Pr6ferred Symh6tiC r0U ' 6 f ° r SymheSiS °' the ,0S y' ben2 y | ,ormami ^ compound 
which ,s accomplished us.ng a one-pot procedure. This process first converts the aldehyde to the bis-formamide de- 
rivative and subsequently reacts the bis-formamide derivative with toluenesu.finic acid. This procedure combines the 
0=^™ Cmdent Pr0CeSS ' yie,dS " >9 ° % * ^ «" ^ -nzylformamidrryb: 

[0077] Preferred reaction conditions employ a catalyst, such as trimethylsilyl chloride (TMSCI), in a preferred solvent 

6 ' Pre 'r 1 :1 rati °- A re39ent ' SUCh " ™ SC ' ■ iS Pre,erred which ™«* wit'h water rod c d ' 
cZTJl m S3me f me . Pr0dUCeS hydr ° 9en Chl0ride t0 catal V" tha "-"on. Also preferred is use of hydrogen 

d 22Z a P „ m r aC,d , ThSref0re ' ' hree SUitab ' e reaC,i0n Condi,ions ,or use herei n '"elude D use of a 
dehydratmg agent which also prov.des hydrogen chloride, such as TMSCI or P -toluene sulfinic acid; or by 2) use of a 

urtable dehydrating agent and a suitable source of acid source, such as but no. limited to, camphorsulfonic ac d 

o TlTZT ° rP ' t0lU , e neS :' f ° niC 3Cid; 3) a ' ternatiVe deh V^^ing conditions, such as the aleoZ^c m 2 
of water, and using an acid catalyst and p-toluene sulfinic acid 

[0078, compounds of the formula (Ha) where p is 2 may also be prepared by reacting in the presence of a strong 
base a compound of the formula (VI) -Scheme I, R4CH2NC with a compound of .he formula (VII) Scheme I ArsSl 
wherein R4 and Ar are as defined herein and L1 is a leaving group such as halo, e.g. fluo o Suitab e st onq bases 
include, but are no, limited to, alky, lithiums such as butyl lithium or lithium diisop ropy.amide (Van L s a, " t 
rahedron Letters , No. 23. 2367-fifl MQ79V. 1 Leusen et_ai., ^et; 

[0079] The compounds of formula (Vl)-Scheme I may be prepared by reacting a compound of the formula (VIII) 

; T? 2 ; i,h an a,kyl ,ormate (e * e,hy,formate) ,o yie,d an in,e ™ dia,e «™ c^ZZ 

to the desired isomtnle by reacting with well known dehydrating agent, such as but not limited to oxalyl chloride phos- 
phorus oxychlor.de or tosyl chloride in the presence of a suitable base such as triethylamine 
rih^!7H tiVe,y aC ° mp ° und of the formula < VIII > • S^eme I may be converted to a compound of the formula 
cala'lysis ' ^ ^ hydr0Xide aqU6 ° US dich '°^e«hane under phase transfer 

mem II 8 C ° mp0Unds ° f ,h D e formula < l!l > - Scheme 1 ™V ^ prepared by reacting a compound of the formula 
R1CHO with a primary amine R2NH2. 

2, T n he amin ° com P° unds of formula (VIII) - Scheme I are known or can be prepared from the corresponding 
alcohols, oximes or amides using standard functional group interconversions 

in?? S K itat " e pr0teclin9 9 rou P s for use with hydroxy! groups and the imidazole nitrogen are well known in the art 
scltT v\ m fo o y : e f enCeS ' f ° r inStanC6 ' Pr0t6Cting Gr0UpS in 0r 9 anic Greene T W Wi eylter 

or h. I. T \ K T;. SMabie eXamP ' eS ° f hydr ° Xyl Pr ° tectin9 9r0ups inc,ude si| y' ^ch as t-buty d m thyl 

or t-buty.diphenyl, and alkyl ethers, such as methyl connected by an alky, chain of variable link (CR1 0R20)n SuTable 
examples of .midazole nitrogen protecting groups include tetrahydropyranyl ^moH20)n. Suitable 

[0084] Pharmaceutical acid addition salts of compounds of Formula (I) may be obtained in known manner for 
example, by treatment thereof with an appropriate amount of acid in the presence of a suitable so.venT 

METHODS OF TREATMENT 

h C °,7 0Uncls of Formula O or a Pharmaceutically acceptable salt thereof can be used in the manufacture 
.s exacerbated or caused by excess,ve or unregulated cytokine production by such mammal's cell, such as but not 
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limited to monocytes and/or macrophages. 

[0086] Compounds of Formula (I) or (II) are capable of inhibiting proinflammatory cytokines, such as IL-1 , IL-6, IL-8 
and TNF and are therefore of use in therapy. IL-1, IL-6, IL-8 and TNF affect a wide variety of cells and tissues and 
these cytokines, as well as other leukocyte-derived cytokines, are important and critical inflammatory mediators of a 
wide variety of disease states and conditions. The inhibition of these pro-inflammatory cytokines is of benefit in con- 
trolling, reducing and alleviating many of these disease states. 

[0087] Described herein is a method of treating a cytokine-mediated disease which comprises administering an 
effective cytokine-interfering amount of a compound of Formula (I) or (II) or a pharmaceutically acceptable salt thereof. 
[0088] In particular, compounds of Formula (I) or a pharmaceutically acceptable salt thereof are of use in the proph- 
ylaxis or therapy of any disease state in a human, or other mammal, which is exacerbated by or caused by excessive 
or unregulated IL-1 , IL-8 or TNF production by such mammal's cell, such as, but not limited to, monocytes and/or 
macrophages. 

[0089] Also described herein is thacompounds of Formula (I) are capable of inhibiting inducible proinflammatory 
proteins, such as COX-2, also referred to by many other names such as prostaglandin endoperoxide synthase-2 
(PGHS-2) and are therefore of use in therapy. These proinflammatory lipid mediators of the cyclooxygenase (CO) 
pathway are produced by the inducible COX-2 enzyme. Regulation, therefore of COX-2 which is responsible for the 
these products derived from arachidonic acid, such as prostaglandins affect a wide variety of cells and tissues are 
important and critical inflammatory mediators of a wide variety of disease states and conditions. Expression of COX- 

1 is not effected by compounds of Formula (I). This selective inhibition of COX-2 may alleviate or spare ulcerogenic 
liability associated with inhibition of COX-1 thereby inhibiting prostoglandins essential for cytoprotective effects. Thus 
inhibition of these pro-inflammatory mediators is of benefit in controlling, reducing and alleviating many of these disease 
states. Most notably these inflammatory mediators, in particular prostaglandins, have been implicated in pain, such as 
in the sensitization of pain receptors, or edema. This aspect of pain management therefore includes treatment of 
neuromuscular pain, headache, cancer pain, and arthritis pain. Compounds of Formula (I) or a pharmaceutically ac- 
ceptable salt thereof, are of use in the prophylaxis or therapy in a human, or other mammal, by inhibition of the synthesis 
of the COX-2 enzyme. 

[0090] Described herein is a method of inhibiting the synthesis of COX-2 which comprises administering an effective 
amount of a compound of Formula (I) or a pharmaceutically acceptable salt thereof. The present application also 
describes a method of prophylaxis treatment in a human, or other mammal, by inhibition of the synthesis of the COX- 

2 enzyme. 

[0091] A method of inhibiting the production of IL-1 in a mammal in need thereof which comprises administering to 
said mammal an effective amount of a compound of Formula (I) or (II) or a pharmaceutically acceptable salt thereof is 
also described. 

[0092] There are many disease states in which excessive or unregulated IL-1 production is implicated in exacerbating 
and/or causing the disease. These include rheumatoid arthritis, osteoarthritis, stroke, endotoxemia and/or toxic shock 
syndrome, other acute or chronic inflammatory disease states such as the inflammatory reaction induced by endotoxin 
or inflammatory bowel disease, tuberculosis, atherosclerosis, muscle degeneration, multiple sclerosis, cachexia, bone 
resorption, psoriatic arthritis, Reiter's syndrome, rheumatoid arthritis, gout, traumatic arthritis, rubella arthritis and acute 
synovitis. Recent evidence also links IL-1 activity to diabetes, pancreatic 0 cells and Alzheimer's disease. 
[0093] In a further aspect, this application describes a method of inhibiting the production of TNF in a mammal in 
need thereof which comprises administering to said mammal an effective amount of a compound of Formula (I) or a 
pharmaceutically acceptable salt thereof. 

[0094] Excessive or unregulated TNF production has been implicated in mediating or exacerbating a number of 
diseases including rheumatoid arthritis, rheumatoid spondylitis, osteoarthritis, gouty arthritis and other arthritic condi- 
tions, sepsis, septic shock, endotoxic shock, gram negative sepsis, toxic shock syndrome, adult respiratory distress 
syndrome, stroke, cerebral malaria, chronic pulmonary inflammatory disease, silicosis, pulmonary sarcoisosis, bone 
resorption diseases, such as osteoporosis, reperfusion injury, graft vs. host reaction, allograft rejections, fever and 
myalgias due to infection, such as influenza, cachexia secondary to infection or malignancy, cachexia secondary to 
acquired immune deficiency syndrome (AIDS), AIDS, ARC (AIDS related complex), keloid formation, scar tissue for- 
mation, Crohn's disease, ulcerative colitis and pyresis. 

[0095] Compounds of Formula (I) are also useful in the treatment of viral infections, where such viruses are sensitive 
to upregulation by TNF or will elicit TNF production in vivo. The viruses contemplated for treatment herein are those 
that produce TNF as a result of infection, or those which are sensitive to inhibition, such as by decreased replication, 
directly or indirectly, by the TNF inhibiting-compounds of Formula (I). Such viruses include, but are not limited to HIV- 
1 , HIV-2 and HIV-3, Cytomegalovirus (CMV), Influenza, adenovirus and the Herpes group of viruses, such as but not 
limited to, Herpes Zoster and Herpes Simplex. Accordingly, in a further aspect, this invention relates to a method of 
treating a mammal afflicted with a human immunodeficiency virus (HIV) which comprises administering to such mammal 
an effective TNF inhibiting amount of a compound of Formula (I) or (II) or a pharmaceutically acceptable salt thereof. 
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[0096] Compounds of Formula (I) may also be used in association with the veterinary treatment of mammals other 
than in humans, in need of inhibition of TNF production. TNF mediated diseases for treatment, therapeutically or pro- 
phylactically, in animals include disease states such as those noted above, but in particular viral infections. Examples 
of such viruses include, but are not limited to, lentivirus infections such as, equine infectious anaemia virus, caprine 
5 arthritis virus, visna virus, or maedi virus or retrovirus infections, such as but not limited to feline immunodeficiency 
virus (FIV), bovine immunodeficiency virus, or canine immunodeficiency virus or other retroviral infections. 
[0097] The compounds of Formula (I) may also be used topically in the treatment or prophylaxis of topical disease 
states mediated by or exacerbated by excessive cytokine production, such as by IL-1 or TNF respectively, such as 
inflamed joints, eczema, psoriasis and other inflammatory skin conditions such as sunburn; inflammatory eye conditions 
io including conjunctivitis; pyresis, pain and other conditions associated with inflammation. 

[0098] Compounds of Formula (I) have also been shown to inhibit the production of IL-8 (lnterleukin-8, NAP). Ac- 
cordingly, in a further aspect, this invention relates to a method of inhibiting the production of IL-8 in a mammal in need 
thereof which comprises administering to said mammal an effective amount of a compound of Formula (I) or a phar- 
maceutically acceptable salt thereof. 

[0099] There are many disease states in which excessive or unregulated IL-8 production is implicated in exacerbating 
and/or causing the disease. These diseases are characterized by massive neutrophil infiltration such as, psoriasis 
inflammatory bowel disease, asthma, cardiac and renal repertusion injury, adult respiratory distress syndrome, throm- 
bosis and glomerulonephritis. All of these diseases are associated with increased IL-8 production which is responsible 
for the chemotaxis of neutrophils into the inflammatory site. In contrast to other inflammatory cytokines (IL-1 , TNF, and 
IL-6), IL-8 has the unique property of promoting neutrophil chemotaxis and activation. Therefore, the inhibition of IL-8 
production would lead to a direct reduction in the neutrophil infiltration. 

[0100] The compounds of Formula (I) are administered in an amount sufficient to inhibit cytokine, in particular IL-1 , 
IL-6, IL-8 or TNF, production such that it is regulated down to normal levels, or in some case to subnormal levels so 
as to ameliorate or prevent the disease state. Abnormal levels of IL-1 , IL-6, IL-8 or TNF, for instance in the context of 
the present invention, constitute: (i) levels of free (not cell bound) IL-1, IL-6, IL-8 or TNF greater than or equal to 1 
picogram per ml; (ii) any cell associated IL-1 , IL-6, IL-8 or TNF; or (iii) the presence of IL-1 , IL-6, IL-8 or TNF mRNA 
above basal levels in cells or tissues in which IL-1 , IL-6, IL-8 or TNF, respectively, is produced. 
[0101] The discovery that the compounds of Formula (I) are inhibitors of cytokines, specifically IL-1 , IL-6, IL-8 and 
TNF is based upon the effects of the compounds of Formulas (I) on the production of the IL-1 , IL-8 and TNFin in vitro 
30 assays which are described herein. 

[0102] As used herein, the term "inhibiting the production of IL-1 (IL-6, IL-8 or TNF)" refers to: 

a) a decrease of excessive in vivo levels of the cytokine (IL-1 , IL-6, IL-8 or TNF) in a human to normal or sub- 
normal levels by inhibition of the in vivo release of the cytokine by all cells, including but not limited to monocytes 

35 or macrophages; 

b) a down regulation, at the genomic level, of excessive in vivo levels of the cytokine (IL-1 , IL-6, IL-8 or TNF) in a 
human to normal or sub-normal levels; 

c) a down regulation, by inhibition of the direct synthesis of the cytokine (IL- 1 , IL-6, IL-8 or TNF) as a postranslational 
event; or 
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d) a down regulation, at the translational level, of excessive in vivo levels of the cytokine (IL-1 , IL-6, IL-8 or TNF) 
in a human to normal or sub-normal levels. 



45 



[0103] As used herein, the term "TNF mediated disease or disease state" refers to any and all disease states in 
which TNF plays a role, either by production of TNF itself, or by TNF causing another monokine to be released such 
as but not limited to IL-1 , IL-6 or IL-8. A disease state in which, for instance, IL-1 is a major component and whose 
production or action, is exacerbated or secreted in response to TNF, would therefore be considered a disease stated 
mediated by TNF. 

[0104] As used herein, the term "cytokine" refers to any secreted polypeptide that affects the functions of ceils and 
is a molecule which modulates interactions between cells in the immune, inflammatory or hematopoietic response. A 
cytokine includes, but is not limited to, monokines and lymphokines, regardless of which cells produce them. For in- 
stance, a monokine is generally referred to as being produced and secreted by a mononuclear cell, such as a macro- 
phage and/or monocyte. Many other cells however also produce monokines, such as natural killer cells, fibroblasts, 
basophils, neutrophils, endothelial cells, brain astrocytes, bone marrow stromal cells, epideral keratinocytes and B- 
lymphocytes. Lymphokines are generally referred to as being produced by lymphocyte cells. Examples of cytokines 
include, but are not limited to, lnterleukin-1 (IL-1 ), lnterleukin-6 (IL-6), lnterleukin-8 (IL-8), Tumor Necrosis Factor-alpha 
(TNF-cc) and Tumor Necrosis Factor beta (TNF-p). 

[0105] As used herein, the term "cytokine interfering" or "cytokine suppressive amount" refers to an effective amount 
of a compound of Formula (I) or (II) which will cause a decrease in the in vivo levels of the cytokine to normal or sub- 



18 



EP 0 809 499 B1 



normal levels, when given to a patient for the prophylaxis or treatment of a disease state which is exacerbated by, or 
caused by, excessive or unregulated cytokine production. 

[0106] As used herein, the cytokine referred to in the phrase "inhibition of a cytokine, for use in the treatment of a 
HIV-infected human" is a cytokine which is implicated in (a) the initiation and/or maintenance of T cell activation and/ 
or activated T cell-mediated HIV gene expression and/or replication and/or (b) any cytokine-mediated disease asso- 
ciated problem such as cachexia or muscle degeneration. 

[0107] As TNF-p (also known as lymphotoxin) has close structural homology with TNF-a (also known as cachectin) 
and since each induces similar biologic responses and binds to the same cellular receptor, both TNF-a and TNF-p are 
inhibited by the compounds of the present invention and thus are herein referred to collectively as "TNF" unless spe- 
cifically delineated otherwise. 

[0108] A new member of the MAP kinase family, alternatively termed CSBP, p38, or RK, has been identified inde- 
pendently by several laboratories recently. Activation of this novel protein kinase via dual phosphorylation has been 
observed in different cell systems upon stimulation by a wide spectrum of stimuli, such as physicochemical stress and 
treatment with lipopolysaccharide or proinflammatory cytokines such as interleukin-1 and tumor necrosis factor. The 
cytokine biosynthesis inhibitors, of the present invention, compounds of Formula (I), (II) and (A), have been determined 
to be potent and selective inhibitors of CSBP/p38/RK kinase activity. These inhibitors are of aid in determining the 
signaling pathways involvement in inflammatory responses. In particular, for thef irst time a definitive signal transduction 
pathway can be prescribed to the action of lipopolysaccharide in cytokine production in macrophages. 
[0109] The cytokine inhibitors were subsequently tested in a number of animal models for anti-inflammatory activity. 
Model systems were chosen that were relatively insensitive to cyclooxygenase inhibitors in order to reveal the unique 
activities of cytokine suppressive agents. The inhibitors exhibited significant activity in many such in vivo studies. Most 
notable are its effectiveness in the collagen-induced arthritis model and inhibition of TNF production in the endotoxic 
shock model. In the latter study, the reduction in plasma level of TNF correlated with survival and protection from 
endotoxic shock related mortality. Also of great importance are the compounds effectiveness in inhibiting bone resorp- 
tion in a rat fetal long bone organ culture system. Griswold et al., (1988) Arthritis Rheum. 31:1406-1412- Badger et 
a!., (1 989) Circ. Shock 27, 51 -61 ; Votta et al., (1994)/n vitro. Bone 15, 533-538; Leeet al., (1993) B Ann N Y. Acad 
Sci. 696, 149-170. 

[0110] In order to use a compound of Formula (I) or a pharmaceutical^ acceptable salt thereof in therapy, it will 
normally be Formulated into a pharmaceutical composition in accordance with standard pharmaceutical practice. This 
invention, therefore, also relates to a pharmaceutical composition comprising an effective, non-toxic amount of a com- 
pound of Formula (I) and a pharmaceutical^ acceptable carrier or diluent Compounds of Formula (I), pharmaceutical^ 
acceptable salts thereof and pharmaceutical compositions incorporating such may conveniently be administered by 
any of the routes conventionally used for drug administration, for instance, orally, topically, parenterally or by inhalation. 
The compounds of Formula (I) may be administered in conventional dosage forms prepared by combining a compound 
of Formula (I) with standard pharmaceutical carriers according to conventional procedures. The compounds of Formula 
(I) may also be administered in conventional dosages in combination with a known, second therapeutically active 
compound. These procedures may involve mixing, granulating and compressing or dissolving the ingredients as ap- 
propriate to the desired preparation It will be appreciated that the form and character of the pharmaceutical^ acceptable 
character or diluent is dictated by the amount of active ingredient with which it is to be combined, the route of admin- 
istration and other well-known variables. The carrier(s) must be "acceptable" in the sense of being compatible with the 
other ingredients of the Formulation and not deleterious to the recipient thereof. 

[0111] The pharmaceutical carrier employed may be, for example, either a solid or liquid. Exemplary of solid carriers 
are lactose, terra alba, sucrose, talc, gelatin, agar, pectin, acacia, magnesium stearate, stearic acid and the like. Ex- 
emplary of liquid carriers are syrup, peanut oil, olive oil, water and the like. Similarly, the carrier or diluent may include 
time delay material well known to the art, such as glyceryl mono-stearate or glyceryl distearate alone or with a wax. 
[01 12] A wide variety of pharmaceutical forms can be employed. Thus, if a solid carrier is used, the preparation can 
be tableted, placed in a hard gelatin capsule in powder or pellet form or in the form of a troche or lozenge. The amount 
of solid carrier will vary widely but preferably will be from about 25mg. to about 1g. When a liquid carrier is used, the 
preparation will be in the form of a syrup, emulsion, soft gelatin capsule, sterile injectable liquid such as an ampule or 
nonaqueous liquid suspension. 

[01 1 3] Compounds of Formula (I) may be administered topically, that is by non-systemic administration. This includes 
the application of a compound of Formula (I) externally to the epidermis or the buccal cavity and the instillation of such 
a compound into the ear, eye and nose, such that the compound does not significantly enter the blood stream. In 
contrast, systemic administration refers to oral, intravenous, intraperitoneal and intramuscular administration. 
[01 14] Formulations suitable for topical administration include liquid or semi-liquid preparations suitable for penetra- 
tion through the skin to the site of inflammation such as liniments, lotions, creams, ointments or pastes, and drops 
suitable for administration to the eye, ear or nose. The active ingredient may comprise, for topical administration, from 
0.001% to 10% w/w, for instance from 1% to 2% by weight of the Formulation. It may however comprise as much as 
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0/. w/w but preferably will comprise less than 5% w/w, more preferably from 0.1% to 1% w/w of the Formulation 
0115] Lot,ons according to the present invention include those suitable for application to the skin or eye An eye 
Sr^ho^rr St6rile a , qlJe0 " S H SOlu,i ° n °P' ional, y con,ai ™9 « bactericide and may be prepared by methods 

to h« In h I! PreP f ' 0PS ' L0 " 0nS ° r ' inimentS f ° r applicaIion 10 ,he skin ™y a 'so include an agent 

to hasten drying and to cool the skin, such as an alcohol or acetone, and/or a moisturizer such as glycerol or an oil 
such as castor oil or arachis oil. yy^cwi ui an on 

ESL? f reamS ,' °' n ! men ! S ° f Pa ? S aCC ° rding 10 the Present invention are semi " solid Formulations of the active 
"gradient for external applicat.cn. They may be made by mixing the active ingredient in finely-divided or powdered 

Teat ZZ « S J" SU ?P k en ! i0n in an aqUe0US 0r no "- a ^eous fluid, with the aid of suitable machinery, with 
a greasy or non-greasy base. The base may comprise hydrocarbons such as hard, soft or liquid paraffin qlycerol 

fa^oTd 3 T " SOaP / 8 mUCila9e; an 0N °' natUra ' ° rl9in SUCh 35 alm0nd ' corn ' arachi *. castor'or le oi wo i 
mic ot. THT eS T 3 3Cid SUCh 88 Steri ° ° f °' eiC 3Cid ,09e ' hSr Wi,h an alc ° h °' such as P"Wtene glycol or a 
surfactant Lch Z T« !?T may t ,nCOrporat , e any sui,able surface acti ^ agent such as an anionic, ca.ionic or non-ionic 
celSos deSt^ T °, r a p , 0,yox y ethylene deWa " Ve ,h9re0f Sus P a "ding agents such as natural gums, 

bf included ' n0r9aniC S ^ SiHCaCe0US SiNCaS ' and ° ther in9redientS SUCh as lano,in ' ma V also 

™l 7 L Dr ° PS !^° r , din9 10 ,hS Pr6Sent inVenti ° n may COmprise steri,e aa - ueous or oi| y ^lotions or suspensions and 
aoenf IT ^ the active ingredient in a suitable aqueous solution o, a bactericidal anL fungicidal 

agent and/or any other suitable preservative, and preferably including a surface active agent The resulting solution 
may then be clarified by filtration, transferred to a suitable container which is then sealed and .uZbZmSSS 

theTo'nt V "" 1 °°° C '° r ha " an h ° Ur A ' ,ernatiVely the S0 ' Uti0n may be Steril - d b * mJ*nl^*Z 

Suitabip ,7 , T T ^ aCet8te (0 '° 02%) ' benzalk0niurn chloride (0-01%) and ch.orhex,dine acetate (0.01%) 
Su, able solvents for the preparation of an oily solution include glycerol, diluted alcohol and propylene glycol 
[0118] Compounds of formula (I) may be administered parenteral!* that is by intravenous intramuscular subcuta 
ZTelTrr ' intr , a r imraVa9inal ° f imraperi,0neal administration. The L^^^SZ^lSS. 
bv clvTn TT " % 6 9enera " y Pre ' erred - Appr ° priate d0Sa9e ,orms forsuch administration may be prepaid 
by conventional techniques. Compounds of Formula (I) may also be administered by inhalation that is by intranasal 

r a I! It 5 r adm , iniStra,i ° n - Appropriate ^ ">™ '<>r -ch adminis,ra.ion y such as an .eroso^ZZ 
or a metered dose inhaler, may be prepared by conventional techniques. 

9J J°>! 8 f " meth ° dS ° f USe diSC ' 0Sed hereh f0r the com P° u ^s of Formula (I), the daily oral dosage regimen will 
SS? f 6 k Ton? 01 t0 ab ° U ' 30 m9/K9 °' t0ta ' b ° dy W6i9ht ' preferab, V from ab °"< 0.01 to 10 nS g mo"e 

bod w V ° m TV? *° 5m9 ' dai ' y Paremera ' d ° Sa9e re 9 imen about 0 001 «*» about 30 mg/kg 9 ofTo,al 
body weigh preferably from about 0.01 to about 10 mg/kg, and more preferably from about 0.01 mg to Sm<2kq The 

22.2!!? r T , enWil1 pre,erab 'V be <™ 0-1 -9 lo 150 mg, administered one to four, preferably^ othrL 

fame, daily. The da.ly inhalation dosage regimen will preferably be from about 0.01 mg/kg to about 1 mg/kg per day U 

blZ^H °h aphamaC , eu,lcally acce P tab,e sa lt thereof will be determined by the nature and extent of the condition 
clnh l ri t 0 " TI ' rou,e and site of administration, and the particular patient being treated, and that such optimums 
can be determined by conventional techniques. It will also be appreciated by one of skill in the art that the optima 

her r e S o e f Z T ?- °' d0S6S °' 8 COmP ° Und ° f F ° rmu,a W or a Pnarma-ceutically ac eptab e S 

~ 9 , P ?)! 3 n6d nUmbef °' dayS> Can be aSCertained by th0se ski,led in tne a- us ng coLntiona 
course of treatment determination tests. 



BIOLOGICAL EXAMPLES 

Wfroassal? Cyt0kine - inhibitin 9 effec,s of impounds of the present invention were determined by the following in 

l n rl^ k f in " 1 : peri P heral blood monocytes were isolated and purified from either fresh blood prep- 

arahons from volunteer donors, or from blood bank buffy coats, according to the procedure of Colorta It Tj 
Immunol, 32 936(1984). These monocytes (1x1 06) were plated in 24-well plates a. Loncentra ion of 1 2 m £ j 

2 nZZ f h T S W6re a 'T d ,0 adh8re f ° r 2 h ° UrS ' a ' ter Which ,ime "on-adherent cells were remold by 
S WaS „ h " 9 - Te f ^unds were then added to the cells for 1 h before the addition of ^polysaccharide (50 
ngAnl , and the cultures were incubated at 37°C for an additional 24h. At the end of this period, culture super- 
forT i hT fe T e , f C L afifi ! d ° f Ce " S 3nd 8 " d6briS - Cu ' tUre Watants were then immedia.eV assayed 

ih k , , 9 ^ e " her by the me ' h0d ° f Sim ° n et al - J - lrnmuno1 - Meth °ds, 84, 85, (1985) (based on 
ability of IL-1 tosnmulatealnterleuk^prod^ 
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or the method of Lee ef a/., J. ImmunoTherapy, 6 (1), 1-12 (1990) (ELISA assay). The compounds of Formula (I), 
as evidenced by Examples 1 to 24 were shown to be inhibitors of in vitro IL-1 produced by human monocytes. 

Tumour Necrosis Factor (TNF): Human peripheral blood monocytes were isolated and purified from either blood 
bank buffy coats or plateletpheresis residues, according to the procedure of Colotta, R. et al., J Immunol, 132(2), 
936 (1984). The monocytes were plated at a density of 1x106 cells/ml medium/well in 24-well multi-dishes. The 
cells were allowed to adhere for 1 hour after which time the supernatant was aspirated and fresh medium (1ml, 
RPMI-1 640, Whitaker Biomedical Products, Whitaker, CA) containing 1 % fetal calf serum plus penicillin and strep- 
tomycin ( 1 0 units/ml) added. Th e cells were incubated for 45 minutes in the presence or absence of a test compound 
at 1nM-10mM dose ranges (compounds were solubilized in dimethyl sulfoxide/ethanol, such that the final solvent 
concentration in the culture medium was 0.5% dimethyl sulfoxide/0.5% ethanol). Bacterial lipopoly-saccharide (£. 
co7/055:B5 [LPS] from Sigma Chemicals Co.) was then added (1 00 ng/ml in 10 ml phosphate buffered saline) and 
cultures incubated for 16-18 hours at 37°C in a 5% C02 incubator. At the end of the incubation period, culture 
supernatants were removed from the cells, centrifuged at 3000 rpm to remove cell debris. The supernatant was 
then assayed for TNF activity using either a radio-immuno or an ELISA assay, as described in WO 92/10190 and 
by Becker era/., J Immunol, 1991, 147, 4307. The compounds of Formula (I), as evidenced by Examples 1 to 24 
were shown to be inhibitors of in vitro TNF produced by human monocytes. 

IL-1 and TNF inhibitory activity does not seem to correlate with the property of the compounds of Formula 
(I) in mediating arachidonic acid metabolism inhibition. Further the ability to inhibit production of prostaglandin and/ 
or leukotriene synthesis, by nonsteroidal anti-inflammatory drugs with potent cyclooxygenase and/or lipoxygenase 
inhibitory activity does not mean that the compound will necessarily also inhibit TNF or IL-1 production, at non- 
toxic doses. 

Interleukln -8 (IL-8): Primary human umbilical cord endothelial cells (HUVEC) (Cell Systems, Kirland, Wa) are 
maintained in culture medium supplemented with 15% fetal bovine serum and 1%CS-HBGF consisting of aFGF 
and heparin. The cells are then diluted 20-fold before being plated (250^1) into gelating coated 96-well plates. Prior 
to use, culture medium are replaced with fresh medium (200fil). Buffer or test compound (25uJ, at concentrations 
between 1 and 10u.M) is then added to each well in quadruplicate wells and the plates incubated for 6h in a hu- 
midified incubator at 37°C in an atmosphere of 5% C02. At the end of the incubation period; supernatant is removed 
and assayed for IL-8 concentration using an IL-8 ELISA kit obtained from R&D Systems (Minneapolis, MN). All 
data is presented as mean value (ng/ml) of multiple samples based on the standard curve. IC50's where appropriate 
are generated by non-linear regression analysis. 

Cytokine Specific Binding Protein Assay 

[01 21 ] A radiocompetitive binding assay was developed to provide a highly reproducible primary screen for structure- 
activity studies. This assay provides many advantages over the conventional bioassays which utilize freshly isolated 
human monocytes as a source of cytokines and ELISA assays to quantify them. Besides being a much more facile 
assay, the binding assay has been extensively validated to highly correlate with the results of the bioassay. A specific 
and reproducible cytokine inhibitor binding assay was developed using soluble cystosolic fraction from THP. 1 cells and 
a radiolabeled compound. Patent Application USSN 08/123175 Lee et al., filed September 1 993, USSN; Lee et al., 
PCT 94/1 0529 filed 1 6 September 1 994 and Lee et al., Nature 300, n(72), 739-746 (Dec. 1 994) whose disclosures are 
incorporated by reference herein in its entirety describes the above noted method for screening drugs to identify com- 
pounds which interact with and bind to the cytokine specific binding protein (hereinafter CSBP). However, for purposes 
herein the binding protein may be in isolated form in solution, or in immobilized form, or may be genetically engineered 
to be expressed on the surface of recombinant host cells such as in phage dispjay system or as fusion proteins. 
Alternatively, whole cells or cytosolic fractions comprising the CSBP may be employed in the creening protocol. Re- 
gardless of the form of the binding protein, a plurality of compounds are contacted with the binding protein under 
conditions sufficient to form a compound/ binding protein complex and compound capable of forming, enhancing or 
interfering with said complexes are detected. 

[01 22] Representative final compounds of Formula (I), Examples 3 to 27 all demonstrated positive inhibitory activity, 
such as from a binding IC50 of about 0. 1 8 to 5 micromolar, in this binding assay, except for Example 1 2 which compound 
was not tested. 

Prostoglandin en do peroxide synthase-2 (PGHS-2) assay: 

[0123] The following assay describes a method for determining the inhibitory effects of compounds of Formula (I) 
on human PGHS-2 protein expression in LPS stimulated human monocytes. 
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Mg£ Human peripheal blood monocytes were isolated from buffy coats by centrifugation through Ficoll and Percoll 
gradients. Cells were seeded at 2 X 106/well in 24 well plates and allowed to adhere for 1 hour in RPMI sudoIp^Th 
w,,h 1% human AB serum, 20mM L-glu.amine, Penicillin-Streptomycin and 10mM HEPES C ^n^EJSS 

IZTonZTTT* inCUbated 31 37 ° C '° r 10 minUteS ' LPS W3S added at 50 nS/well (to Ice enzyme 
expression) and mcubated overnight at 37°C. The supernatant was removed and cells washed once in cold PBS The 

0.1% SOS 300ug/ml DNAse, 0.1% TRITON X-100, 1mM PMSF, ImM leupep.in. 1mM pepsta.in) The late 1' 
cen nfuged (10,000 X g for 10 min. a. 4'C) to remove debris and the soluble L ion wa subSd^o SDS PAGE 
analysis (12% gel). Protein separated on the ge, were transferred onto nitrocellulose 7emraT^£Z^c 
means for 2 hours at 60 volts. The membrane was pretreated for one hour in PBS/0.1% Tween 20 Z 5% S J 

i r: a sr ,n PBs/rween buner - ,he membrane was incubated * 1 2000 di lut ion 5 r^s^z 

antiserum to PGHS-2 or a 1:1000 dilution of an antiserum to PGHs-1 in PBS/Tween with 1% BSA ?o oThou wl 
con nuous shaking. The membrane was washed 3X in PBS/Tween and then incubated with a 1 :3000 u, on of UoZ 
con P er0Xlda '. e C °"' u 9 ated donke V anti ^™ to ««*« lg (Amersham) in PBS/Tween with 1 % BSA for on hou wifh 
con nuous shaking. The membrane was then washed 3X in PBS/Tween and the ECL immunodetectio system Im 

EST r ES ulT S , °TH ele f C, | , the ,6Vel ° f eXpr6SSi0n °' P rosta 9 la ndin endoperoxide synthases-2. * ' 

[0124] RESULTS: The following compounds were tested and found to be active (inhibited LPS induced PGHS-2 
pro.e,n expression ,„ rank order potency similar to that for inhibiting cytokine production as noted in assays indeed) 

1-[3-(|Morpholinyl)propyl]-4-(4-fluorophenyl,-5-(4. p yridyl)imida2ole, a representative compound of Formula (I) 
4-(4-Fluorophenyl)-2-(4-methylsulfinylphenyl)-5-(4-pyridyl)imidazole 1,1 
6-(4-Fluorophenyl)-2,3-dihydro-5-(4-pyridinyl)imidazo[2,1-b]thiazole; Dexamethasone 

Svil 7 d^o r, C M7° Un f M W o re , teSted f ° Und 10 be inaCtiVe (UP 10 1 0uM > : 2-(4-M e thylsu l fin y iphenyl)-3-(4- P yri. 
2?„2£ dlh y d .™ D ^) e Py rrol °n.2-a],m,dazole rolipram ; phenidone and NDGA. None of the compounds tested wis 
found to inhibit PGHS-1 or cPLA2 protein levels in similar experiments. compounds tested was 

SYNTHETIC EXAMPLES 

m^fnL^' '7 perature j are given in de 9 fees centigrade, all solvents are highest available purity and all reactions 
run under anydrous conditions in an argon atmosphere unless otherwise indicated ° an reactions 

£h In ,he t Exam , P ' eS ' a " tem P e ^tures are in degrees Centigrade (°C). Mass spectra were performed upon a VG 
Zab mass spectrometer us.ng fast atom bombardment, unless otherwise indicated 1 H-NMR (hereinatte^NMR I" sol 

7ZZT:T> ? USin9 8 BrUker AM 250 ° r Am 400 ^.remoter. Multiple inS are -s o e " 

d=doublet, t=tnplet, q=quartet, m=multiplet and br indicates a broad signal. Sat indicates a s2 ated In 

Reference Example 1 

1-|3-(4-Morpholinyl)propvl]-4-(4 -fluorophenvl)-5-(4-pyridvl)imidazole 
[0128] 

a) 4-fluorophenyl-tolylthiomethylformamide: A solution of p-fluorobenzaldehyde (13.1 milliliters (hereinafter mLl 
122 milhmoles (hereinafter mmol) thiocresol (16.64 grams (hereinafter g), 122 mmol) fo mamide 15 mL 445 
mmoO and toluene (300 mL) were combined and heated to toluene reflux with azeot 0^^/ f H20 or 8 
M r Z ' ed : eaCt,0n W3S di,uted wilh Et0A c (500 mL) and washed with satd aq Na2C03(3 100 mU saTd 11 
dried in vacuo to afford 28.50 g of the title compound as a white solid (85 %). melting point (hereinafter mp) = 119 

b) 4 - tluo [ 0 P h cnyl-tolylthiomethylisocyanide: The compound of example 1 (a) (25 g 91 mmol) in CH2CI2 (300 ml s 
was cooled to -30- and with mechanical stirring POCI3 (11 mL, m m„^L l £j!^^^^ 
dropw.se addmon of E.3N (45 mL, 320 mmol) with the temperature maintained beiow £^SJSTS> or 30 
mm and 5° for 2 h, diluted with CH2CI2 (300 mL) and washed with 5% aq Na2C03 (3 x 1 00 mL dried (Na2S04> 
and concentrated to 500 mL. This solution was filtered through a 12 x 16 cm cylinder of «raS in 1 \lt f 1 
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c) Pyridine-4-carboxaldehvde f4-Morpholinylprop-3-yl]imine: Pyridine-4-carboxaldehyde (2.14 g, 20 mmoL), 
4-(3-aminopropyl)morpholine (2.88 g, 20 mmol), toluene (50 mL) and MgS04 (2 g) were combined and stirred 
under argon for 18 h. The MgS04 was filtered off and the filtrate was concentrated and the residue was recon- 
centrated from CH2C12 to afford 4.52 g (97%) of the title compound as a yellow oil containing less than 5% of 
aldehyde based on 1 H NMR. 1 H NMR (CD3CI): d 8.69 (d, J = 4.5 Hz, 2H), 8.28 (s, 1 H), 7.58 (d, J = 4.5 Hz, 2H) 
3.84(m, 6H), 2.44 (m,6H), 1.91 (m,2H). 

d) 1-[3-(4-Morpholinyl)propyl)-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole The compound of example 1(b) (1.41 g, 
5.5 mmol), and the compound of example 1 (c) (1 . 1 7 g, 5.0 mmol) and CH2CI2 ( 1 0 mL) were cooled to 5°C. 1 .5.7-tri- 
azabicyclo-[4.4.0]dec-5-ene, henceforth referred to as TBD, (0.71 g 5.0 mmol) was added and the reaction was 
kept at 5°C for 16 h, diluted with EtOAc (B0 mL) and washed with satd aq Na2C03 (2x15 mL). The EtOAc was 
extracted with 1 N HCI (3 x 15 mL), and the acid phases were washed with EtOAc (2 x 25 mL), layered with EtOAc 
(25 mL) and made basic by the addition of solid K2C03 til pH 8.0 and then 1 0% NaOH til pH 1 0. The phases were 
separated and the aq was extracted with additional EtOAc (3 x 25 mL). The extracts were dried (K2C03) concen- 
trated and the residue was crystalized from acetone/hexane to afford 0.94 g (51%) of the title compound mp = 
149 - 150°. 

Reference Example 10 

a) a-(p-Toluenesulfonyl)-4-fluorobenzylformamide 

[0129] To a stirred solution of 4-fluorobenzaldehyde (124g, 979mmo!es) in acetonitrile (620mL, Svolumes) and tol- 
uene (620mL, 5volumes) was added formamide (110g, 2.45moles, 2.5equiv.) followed by chlorotrimethylsilane (11 9g, 
1.07moles, 1.1equiv.). The reaction was heated at 50°C under nitrogen for 5hours. To the resulting white slurry was 
added p-toluenesulfinic acid (230g ( 1 .47moles, 1 .Sequiv.) and the reaction was heated at 50°C for an additional 5hours 
then cooled to ambient temperature. Methanol (250mL) and t-butyl methyl ether (620mL) were added. After 1 5minutes 
the reaction was poured into water (3L) pre-cooled to 0°C. After stirring for 30minutes at 0°C, the product was collected 
by suction filtration and rinsed with t-butyl methyl ether (250mL). The product, a white, crystalline solid, was dried to 
a constant weight at 40°C/<1mm Hg to afford 270g (879mmoles) of desired product (90% yield). 
1 H NMR (300 MHz, CD3CN) 8 7.99 (1 H, s), 7.92 (1 H, m), 7.71 (2H, d, J = 8.3 Hz), 7.49 (2H, dd, J = 5.3, 8.8 Hz), 7.39 
(2H, d, J = 8.1 Hz), 7.16 (2H, t, J = 8.8 Hz), 6.31 (1H, d, J = 10.6 Hz), 2.42 (3H, s). 
[0130] Alternative conditions to those used above in part (a) were employed: 

a) toluene at about 50°C; b) acetonitrile at about 50°C; c) and using the conditions above but at temperatures of 
30, 40, 50, 60 and 70°C. 

b) a-(p-Toluenesulfonyl)-4-fluorobenzylisonitrile • 

[0131] A stirred suspension of a-(p-toluenesulfonyl)-4-f!uorobenzylformamide produced in step (a) above, (100g, 
325mmoles) in THF (650mL, 6.5volumes) was cooled to 0°C and POCI3 (46mL, 487mmoles, 1.5equiv.) was added. 
A 1°C exotherm was observed. After 15minutes at 0°C, the white slurry was cooled to -5°C. Triethylamine (166g, 
1 .62moles, 5equiv.) was added dropwise to the slurry over 45 minutes at such a rate to keep the reaction temperature 
below 0°C but above -5°C. Caution should be exercised at the beginning of the addition because the reaction has a 
tendency to exotherm quickly. After complete addition, the yellow slurry was stirred for 30minutes at 0°C. The reaction 
slurry has a tendency to darken during the stirring period. The reaction was poured into a mixture of saturated aqueous 
sodium bicarbonate (1 L) and ethyl acetate (1 L), both pre-cooled to 0°C. The organic phase was subsequently washed 
with water followed by brine. The organic phase was concentrated under vacuum via rotary evaporation until about 
10% of the initial volume remained. 1-Propanol (200mL) was added and concentrated again under vacuum at 35°C 
until about 1 0% of the initial volume remained. This process was repeated with fresh 1 -propanol (200mL). A fine, yellow 
precipitate was observed. The precipitate was cooled to 0°C and the product was collected by suction filtration and 
rinsed with 1 -propanol (50mL). The off-white solid was dried to a constant weight at 40°C/<1mm to give 65. 7g 
(227mmoles) of desired product, affording a 70% yield. 1H NMR (300 MHz, CDCI3) 5 7.62 (2H, d, J = 6.7 Hz), 7.46 
(4H, m), 7.08 (2H, t, J = 8.6 Hz), 5.62 (1 H, s), 2.46 (3H, s). 

[0132] Alternative conditions to those used above in part (b) were employed, such as: a) different solvents: DME, 
DME/acetonitrile(10:1) using the same reaction conditions; b) using the reaction conditions above but ranging the 
temperature from -30, -15,-10, and 0°C; c) using reaction temperature at 0°C, and at -1 0°C; d) a variety of dehydrating 
agents including trifluroacetic anhydride, thionyl chloride, and oxalyl chloride. 
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Reference Example 11 

5-(2-Acetamido-4-pvrimldi nyl)-4-f4-fluorophenvl)-1-(1-methvl P ipehdin-4-yl) irnida7olR 

I 0 !, 3 ! 1 T °^ IUti K? °!. the 2 - acet y |amid0 Pyrimidinyl-4-carboxaldehyde (0.64 g, 5.08 mmol) and 1 -methylpiperidin- 
4-yl-am.no d.hydrochlonde salt (1 .04 g. 5.59 mmol) in 21 mL of DMF was added powdered K2C03 (1 54 g 1 1 2 mmol) 
After approx 6 h. the o;(p.Toluenesulfonyl).4-fluorobenzylisonitrile. produced in step (b) Example 10 above' (1 76 q 

AfterTh 3* i^m°L W n, e H e pn K2C03 i?, 4 9 ' 610 mm0) W6re add6d 3nd ,hS Sid6S °' ,h6 f,ask rinsed with 5 ^ of DMR 
After 16 h, 300 mL of H20 were added to the reaction mixture and the solution was extracted with EtOAc (3 X 1 00 

mL). The combined organics were washed with H20 (3 X 50 mL), dried over Na2S04 and concentrated The pure title 

MH Ta i mm 9 m ™ % }™ S :T Slamed ' r0m Et ° AC 35 3 P3le ye " 0W C ^ Stal 1H NMR ( 30 ° MHz, CDCI3) 5 8.71 
(1H. s), 8.39 (1H, d, J= 5.2 Hz), 7.81 (1H, s), 7.39 (2H, m), 7.13 (2H, t, J = 8.7 Hz), 6 81 (1H d J - 5 2 Hz) 4 88 f1H 
m), 2.94 (2H, d, J = 10.1 Hz), 2.47 (3H, s), 2.32 (3H, s), 2.07 (6H, m). ~ >' ' H ' 

Example 23 

5-(4-Pyridy[)-4-(4-fluorophenyl)-1 -(4-piperidinyl) imidazole 

a) Pyridine-4-c arboxaldehvde(ethyl 4-amino-piperdinecarboxylate)imine 

[0134] Following the procedure of example 1(c) herein, except substituting ethyl 4-amino-pi P erdinecarboxylate for 
4-(3-aminopropyl)morpholine afforded the title compound in quantitative yield. necarooxyiate tor 

b) 1-[(1-Ethoxvcarbonvl)pip erdin-4-vll-4-(4-fluorophenvl)-5-(4-pyridvl)imidazole 

S h F0 '!Tv 9 P r ° CedUre °' SXample 1 (d) SXCept substitu,in 9 Pyridine-4-carboxaldehyde(ethyl 4-amino-piper- 

[-morpholinylprop-a-y.mine afforded the tiJcompound^s a 

c) 4-(4-Fluorophenyl)-5-(4-pyridyl)-1 -(4-piperdinyl)imidazole 

[0136] Concentrated hydrochloric acid (40 mL) was added to 1 -[(1 -ethoxycarbonyl).pi P erdin-4-yl]-4-(4-fluorophenyl)- 

co JZ ?7 T ' ' 9> 24 mm0,) and miX,UrS W3S h6a,ed 10 re " UX f0M 8 h The -suiting ye ow so In was 
cooled to amb.en. temperature and neutralized with 10% aqueous sodium hydroxide. The precipitate was collect 

^85 187.0? 3ir " dried 10 3ff0rd ,itle C ° mP0Und 35 8 White S0 ' id in ?1% yi6,d - ESMS = 323^]^ 

[0137] The embodiments of the invention in which an exclusive property or privilege is claimed are defined as follows. 



Claims 



1 . 5-(4-Pyridyl)-4-(4-fluorophenyl)-l -(4-piperidinyl)imidazole, or a pharmaceutical^ acceptable salt thereof. 

ceutically acceptable salt thereof, and a pharmaceutical^ acceptable carrier or diluent. 

3 ' ImhT/ 5 ^ 4 ;Py rid y | )- 4 -( 4 - ,l " oro P he "y»)-1 -(4-piperidiny.)imidazole, or a pharmaceutically acceptable salt there- 
of, in the manufacture of a medicament for treating inflammation. 

4 ' o\ h !nT/m^T' dyl, f (4 ' f '7 0Pheny ' H < 4 W* r «Wr™<to°>e. or a pharmaceutically acceptable salt there- 
of, ,n the manufacture of a medicament for treating a CSBP/RK/p38 kinase mediated disease. 

5 ' c T o h nsl2ingT rdin9 * C ' aim * ^ ^ CSBP/RK/p38 kinase mediat * d d *ease is selected from the group 

a) rheumatoid arthritis, rheumatoid spondylitis, osteoarthritis, psoriatic arthritis, traumatic arthritis, rubella ar- 
thritis, acute synovitis, gouty arthritis and other arthritic conditions; 

b) sepsis, septic shock, endotoxic shock, gram negative sepsis and toxic shock syndrome' 
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c) asthma, adult respiratory distress syndrome, chronic pulmonary inflammatory disease, silicosis and pulmo- 
nary sarcososis; 

d) bone resorption diseases, osteoporosis, graft vs. host reaction, allograft rejections and pyresis; 

e) stroke, cardiac and renal reperfusion injury, thrombosis, glomerulonephritis and cerebral malaria; 
0 diabetes and pancreatic p-cells; 

g) multiple sclerosis and muscle degeneration; 

h) atherosclerosis and Alzheimer's disease; 

i) eczema, psoriasis, sunburn and conjunctivitis; and 

j) Crohn's disease, ulcerative colitis and inflammatory bowel disease. 

6. A process for the production of a compound according to claim 1 which comprises reacting a compound of formula 
(lla): 



Ar— S(0) 2 



NC 

(lla) 



with a compound of formula (III): 



H 



and a base strong enough to deprotonate the isonitrile moiety of formula (lla); and wherein the imine of formula 
(III) is formed in situ prior to reaction with the compound of formula (lla); is 4-pyridyl or a precursor thereof, R 2 
is 4-piperidinyl or a precursor thereof, R 4 is 4-fluorophenyl or a precursor thereof, and Ar is an optionally substituted 
phenyl group, and thereafter if necessary, converting a precursor of R 1 , R 2 or R 4 to a group R lf " R 2 or R 4 . 

7. The process according to claim 6 wherein the base is an amine, an amide, a carbonate, a hydride, or an alkyl or 
aryl lithium reagent or a mono-, di- or tribasic phosphate. 

8. The process according to claim 6 or 7 wherein the imine is formed in situ: a) by reacting an aldehyde of the formula 
R^HO, wherein R, is 4-pyridyl, with a primary amine of formula R 2 NH 2 wherein R 2 is 1 -t-butoxycarbonyl-4-pip- 
eridinyl or 4-piperidinyl and Rg may be suitably protected as necessary. 

9. The process according to claim 8 wherein formation of the imine in situ utilises dehydrating conditions. 

10. The process according to any one of claims 6 to 9 which is further performed in a solvent selected from N,N- 
dimethylformamide (DMF), a halogenated solvent, tetrahydrofuran (THF), dimethylsulfoxide (DMSO), an alcohol, 
benzene, toluene, and DME. 

11. The process according to claim 8 wherein: 

a) the aldehyde of formula R^HO is formed in situ, or 

b) the aldehyde is formed by the hydrolysis of an acetal of the formula n,CH(OR a ) 2 wherein R 1 is 4-pyridyl or 
a precursor thereof, and R a is C V6 alkyl, aryl, aryl C^alkyl, heteroaryl or heteroarylC^alkyl. 

12. 5-(4-Pyridyl)-4-(4-fluorophenyl)-1-(1-t-butoxycarbonyl-4-piperidinyl)imidazole, or a pharmaceutical^ acceptable 
salt thereof. 
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13. 5-(4-Pyridyl)-4-(4-fluorophenyl)-1-(1-t-butoxycarbonyl-4-piperidinyl)imidazale. 

14. 5-(4-Pyridyl)-4-(4-fluorophenyl)-1-(4-piperidinyl)imidazole. 

15. A pharmaceutical composition comprising 5-(4-pyridyl)-4-(4-fluorophenyl)-1-(4.piperidinyl)imida 2 ole and a phar- 
maceutical^ acceptable carrier or diluent. 

PatentansprQche 

1 . 5-(4-Pyridyl)-4-(4-fluorphenyl)-1 -(4-piperidinyl)imidazol oder ein pharmazeutisch vertragliches Salz davon. 

2. Arzneimittel.um^^ 

liches Salz davon und einen pharmazeutisch vertraglichen Trager oder ein pharmazeutisch vertragliches Verdun- 
nungsmittel. 

3. Verwendung von 5-(4-Pyridyl)-4-(4-fluorphenyl)-1 -(4-piperidinyl)imidazol oder eines pharmazeutisch vertraglichen 
Salzes davon zur Herstellung eines Medikaments zur Behandlung von Entzundungen. 

4. Verwendung von 5-(4-Pyridyl)-4-(4-fluor P henyl)-1 -(4-piperidinyl)imidazol oder eines pharmazeutisch vertraglichen 
Salzes davon zur Herstellung eines Medikaments zur Behandlung einer CSBP/RK/p38-Kinase vermittelten Er- 
krankung. 

5. Venvendung gema3 Anspruch 4, wobei die CSBP/RK/p38-Kinase ve-mittelte Erkrankung ausgewahlt ist aus: 

a) rheumatoider Arthritis, rheumatoider Spondylitis, Osteoarthritis, psoriatische Arthritis, traumatischer Arthri- 
te, durch Roteln hervorgerufener Arthritis, akuter Synovialitis, Gichtarthritis und anderen arthritischen Zustan- 
den; 

b) Sepsis, septischem Schock, endotoxischem Schock, gram-negativer Sepsis und toxischem Schocksyn- 

c) Asthma, adult respiratory distress syndrome, chronischer Lungenentziindung, Silikose und Lungensarkoi- 
^ n F ^ C b h e e r nreS0rpli0nerkrankun 9 en ' Osteoporose, Transplantat-Wirt-Reaktion, AllotransplantatabstoBungen 

e) Schlaganfall, Herz- und Nierenreperfusionsschadigung, Thrombose, Glomerulonephritis und Malaria cere- 
brans; 

f) Diabetes und Pankreas-p-Zelien; 

g) Multiple Sklerose und Muskeldegeneration; 

h) Atherosklerose und Alzheimer Krankheit; 

i) Ekzem, Psoriasis, Sonnenbrand und Bindehautentzundung; und 

j) Morbus Crohn, Colitis ulcerosa und entzundlicher Darmerkrankung. 

6. Vertahren zur Herstellung einer Verbindung gemaft Anspruch 1 , weiches Umsetzen einer Verbindung der Formel 
(I la). 




mit einer Verbindung der Fomlel (III): 
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und einer Base, die stark genug ist, urn die Isonitrileinheit der Formel (lla) zu deprotonieren; und wobei das'lmin 
der Formel (III) vor der Umsetzung mit der Verbindung der Formel (I la) in siiu gebildet wird; R 1 eine 4-Pyridylgruppe 
oder eine Vorstufe davon ist, R 2 eine 4-Piperidinylgruppe Oder eine Vorstufe davon ist, R 4 eine 4-Fluorphenylgrup- 
pe oder eine Vorstufe davon ist und Ar eine gegebenenfalls substituierte Phenylgruppe ist, und anschlieflend, falls 
notwendig, Umsetzen einer Vorstufe von ft, , R 2 oder R 4 zu einer Gruppe R 1 , R 2 oder R 4 umfasst. 

7. Verfahren gemaB Anspruch 6, wobei die Base ein Amin, ein Amid, ein Carbonat, ein Hydrid oder ein Alkyl- oder 
Aryllithiumreagens oder ein ein-, zwei- oder dreibasiges Phosphat ist. 

8. Verfahren gemaG Anspruch 6 oder 7, wobei das Imin in situ durch Umsetzen eines Aldehyds der Formel R^HO, 
wobei R, eine 4-Pyridylgruppe ist, mit einem primaren Amin der Formel R 2 NH 2 , wobei R 2 eine 1 -t-Butoxycarbonyl- 
4-piperidinylgruppe Oder eine 4-Piperidinylgruppe ist und R 2 notigenfalls auf geeignete Weise geschutzt sein kann, 
gebildet wird. 

9. Verfahren gemafl Anspruch 8, wobei die in situ Bildung des Imins unter dehydratisierenden Bedingungen erfolgt. 

10. Verfahren gemaB einem der AnsprCiche 6 bis 9, das ferner in einem Losungsmittel durchgefuhrt wird, das ausge- 
wahlt ist aus N.N-Dimethylformamid (DMF), einem halogenierten Losungsmittel, Tetrahydrofuran (THF), Dimethyl- 
sulfoxid (DMSO), einem Alkohol, Benzol, Toluol und DME. 

11. Verfahren gemaG Anspruch 8, wobei: 

a) der Aldehyd der Formel R 1 CHO in situ gebildet wird oder 

b) der Aldehyd durch Hydrolyse eines Acetals der Formel R 1 CH(OR 3 ) 2 gebildet wird, wobei R 1 eine 4-Pyri- 
dylgruppe oder eine Vorstufe davon ist und R a ein C^-Alkyl-, Aryl-, Aryl-C^-alkyl-, Heteroaryl- oder Hete- 
roaryl-C^.alkylrest ist. 

12. 5-(4-Pyridyl)-4-(4-fluorphenyl)-1-(1-t-butoxycarbonyl-4-piperidinyl)imidazol oder ein pharmazeutisch vertragliches 
Salz davon. 

13. 5-(4-Pyridyl)-4-(4-fluorphenyl)-1-(1-t-butoxycarbonyl-4-piperidinyl)imidazol. 

14. 5-(4-Pyridyl)-4-(4-fluorphenyl)-1-(4-piperidinyl)imidazol. 

15. Arzneimittel, umfassend 5-(4-Pyridyl)-4-(4-fluorphenyl)-1-(4-piperidinyl)imidazol und einen pharmazeutisch ver- 
traglichen Trager oder ein pharmazeutisch vertragliches Verdunnungsmittel. 



Revendications 

1 . 5-(4-pyridyl)-4-(4-fluorophenyl)-1 -(4-piperidinyl)-imidazole, ou un de ses sels pharmaceutiquement acceptables. 

2. Composition pharmaceutique comprenant du 5-(4-pyridyl)-4-(4-f luorophenyl)-1 -(4-piperidinyl)imidazole, ou uh de 
ses sels pharmaceutiquement acceptables, et un support ou diluant pharmaceutiquement acceptable. 

3. Utilisation du 5-(4-pyridyl)-4-(4-fluorophenyl)-1 -(4-piperidinyl)imidazole ou d'un de ses sels pharmaceutiquement 
acceptables, dans la production d'un medicament destine au traitement de Tinflammation. 

4. Utilisation du 5-(4-pyridyl)-4-(4-fluorophenyl)-1 -{4-piperidinyl)imidazole ou d'un de ses sels pharmaceutiquement 
acceptables, dans la production d'un medicament destine au traitement d'une maladie a mediation par la kinase 
CSBP/RK/p38. 
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5. Utilisation suivant la revendication 4, dans laquelle la maladie a mediation par la kinase CSBP/RK/p38 est choisie 
dans le groupe consistant en : 

a) I'arthrite rhumatoide, la spondylite rhumatoide, I'ostheoarthrite, I'arthrite psoriasique, I'arthrite traumatique 
rarthrite provoquee par la rubeole, la synovite aigue, rarthhte goutteuse et d'autres etats arthritiques ■ 

b) la septicemie, le choc septique, le choc endotoxique, la septicemie a bacteries Gram negatives et le syn- 
drome de choc toxique ; 

c) I'asthme, le syndrome de detresse respiratoire de I'adulte, une maladie inflammatoire pulmonaire chroniq ue 
la silicose et la sarcoidose pulmonaire ; 

d) des maladies de resorption du tissu osseux, I'osteoporose, la reaction du greffon contre I'hdte les relets 
d'allogreffes et les etats pyretiques ; 

e) un ictus, une lesion de reperfusion cardiaque, une lesion de reperfusion renale, une thrombose la glome- 
rulonephrite et le paludisme cerebral ; 

f) le diabete et une affection des cellules 0-pancreatiques ; 

g) la sclerose en plaques et la degenerescence musculaire; 

h) I'atherosclerose et la maladie d'Alzheimer ; 

i) recz6ma, le psoriasis, les 6rythemes solaires et la conjonctivite ■ 
et 

j) la maladie de Crohn, la colite ulcerative et une maladie intestinale inflammatoire. 

5. Precede pour la production d'un compose suivant la revendication 1 , qui comprend la reaction d'un compose de 
formule(lla) : 



Ar— S(0) a 



(Ha) 



avec un compose de formule (III) : 



(TO) 



et une base suffisamment forte pour deprotoner le groupement isortitrile de la formule (Ha) ■ et 
limine de formule (III) etant form6e in situ avant la reaction avec le compose de formule (lla) ; R, represente un 
groupe 4-pyridyle ou un de ses precurseurs, R 2 represente un groupe 4-piperidinyle ou un de ses precurseurs 
R 4 represente un groupe 4-fluoroph6nyle ou un de ses precurseurs, et Ar represente un groupe ph6nyle faculta- 
tivement substitue, et ensuite, si necessaire, la conversion d'un precurseur de R v R a ou R 4 en un groupe R 1 , R, 
ou R^. 

Precede suivant la revendication 6, dans lequel la base est une amine, un amide, un carbonate, un hydrure ou 
un reactif du type alkyl- ou aryllithium ou un phosphate mono-, di- ou triacide. 

Precede suivant la revendication 6 ou 7, dans lequel I'imine est formee in situ : a) en faisant r6agir un aldehyde 
de formule R,CHO, dans laquelle R, represente un groupe 4-pyridyle, avec une amine primaire de formule R,NH, 
dans laquelle R 2 represente un groupe 1 -tertiobutoxycarbonyl-4-piperidinyle ou 4-piperidinyle et H, peut etre pro- 
tege convenablement de la maniere necessaire. 

Procede suivant la revendication 8, dans lequel la formation de I'imine in situ utilise des conditions de deshvdra- 
tation. 7 
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1 0. Precede suivant Tune quelconque des revendications 6 a 9, qui est en outre mis en oeuvre dans un solvant choisi 
entre le N-N-dimethylformamide (DMF), un solvant halogene, le tetrahydrofuranne (THF), le dimethylsulfoxyde 
(DMSO), un alcool, le benzene, le toluene et le DME. 

11. Procede suivant la revendication 8, dans lequel : ' ' - - - 

a) I'aldehyde de formule R^HO est forme in situ, ou 

b) I'aldehyde est forme par hydrolyse d'un acetal de formule R 1 CH(OR a ) 2 dans laquelle R, repr^sente un 
groupe 4-pyridyle ou un de ses precurseurs et R a represente un groupe alkyle en C, a C 6 , aryle, aryl(alkyle 
en a C 6 ), heteroaryle ou heteroaryl(alkyle en Cj a C 6 ). 

12. 5-(4-pyridyl)-4-(4-fluorophenyl)-1-(1^^ ou un de ses sels pharmaceu- 
tiquement acceptables. 

13. 5-(4-pyridyl)-4-(4-fluoropheny^ 

14. 5-(4-pyridyl)-4-(4-fluorophenyl)-1-(4-piperidinyl)-imidazole. 

15. Composition pharmaceutique comprenant du 5-(4-pyridyl)-4-(4-f luorophenyl)-1 -(4-piperidinyl)imidazole et un sup- 
port ou diluant pharmaceutiquement acceptable. 
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